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What Does the Baker Cable Tool 
Core Barrel Do for the Geologist? 


In a recent article in one of the industry’s periodicals, the question 
was asked, “What does the geologist do for the oil man?” 


The answer is clear, of course. He determines, as closely as possible, 
where oil is likely to occur. Into his analysis there enter certain contin- 
gent facts or theories, based upon what his knowledge and analysis of 
any given territory would indicate to be true. 


As a result of the geologist’s work, it is determined to put down a 
well at a given spot. That’s where the Baker Cable Tool Core Barrel 
comes in, and the positive facts it brings to the surface are invaluable to 
the geologist. 


The geologist wants to check his calculations as the drill goes deeper 
and deeper. He wants to know if the formation coincides with his pre- 
determined theories. He wants to know the slant of the formation being 
penetrated. If there is a break in the sands that may possibly separate 
oil- from water-bearing sands, he wants to know when it is reached. 


These are just a few of the facts that the Baker Cable Tool Core 
Barrel will bring to the surface. It also makes possible testing for por- 
osity; determination as to whether fracturing occurs in the sand; whether 
a sand is water-bearing, oil-bearing, or dry; it enables the geologist to 
study the lithographic and paleographic character of the formations. 


In short—and there are a multitude of geologists who have found 
it out—the Baker Cable Tool Core Barrel is a most invaluable assistant 
to the geologist, and besides, it is economical to use. 


We have prepared a 16-page treatise on the Baker Cable Tool Core 
Barrel which is yours for the asking. It is interesting, informative, val- 
uable. Request it on your letterhead, tc-day. We will be more than 
pleased to send it to you. 


ER 


(Formerly Baker Casing Shoe Co.) 


2301 Commerce St., 
Mid-Continent Branches Box L, HUNTINGTON PARK, CAL. Houston, Texas 
Tulsa, Oklahoma 


Be sure to mention the BULLETIN when writing to advertisers. 


Mid-Continent Distributors 


California Branches 220 E. Brady St., 
Houston, Texas Coalinga Taft Bakersfield Ventura Tulsa, Okla. 
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Reduce Your 


Coring 


Other methods may fail and correlations 
prove disappointing, yet there is one method 
which will determine to a mathematical cer- 
tainty the formations you drill and enable you 
to know every foot of the way. That is to 

core with an Elliott Cable Tool Core Drill. 


The Elliott has been instrumental in turning apparently unsuccess- 
ful ventures into investments of great value, simply through eliminat- 
ing guesswork and haphazard methods. The percentage of core recovery 
frequently is 100%. And,it is an established fact that Elliott costs per 
foot of perfect core recovered are less. 


It’s the core that counts. If you would be sure, use the Elliott Cable 
Tool Core Drill---for unequalled efficiency and economy. 


Write today for the Elliott Catalog. 


IOTT CORE DRILLING CO. 
850 Sabway Terminal 


EXPORT OFFICE: 
150 Broadway, New York 


Distributed exclusively in the United States east of the Rocky 
Mountains, by HINDERLITER TOOL COMPANY of Tulsa, Okla. 


CABLE TOOL 


CORE DRILL 


Be sure to mention the BULLETIN when writing to advertisers, 


| 
| | 
| 
| 
| > 
: 
- 
d 
| nt 
is 
Ar 
= f- "Los ES. 
| 
| 


It is mighty convenient to be able 
to change from a hard formation core 
bit head to one for the penetration 
of soft formation, as your digging 
changes, without having to lay down 
a complete core barrel assembly and 
pick up another. 

In changing from a Reed Hard 
Formation to a Reed-Elliott Soft For- 
mation Core Bit it is only necessary 
to change the heads as the same bar- 
rels are used on both. 

Both are made to take cores from 
1 inch to 7 inches in diameter in 
holes from 2% inches to 174 inches 
in diameter. 


TO 

SOFT 
FORMATION 
++ WITH 


MINIMUM 
TIME LOSS 


Be sure to mention the BULLETIN when writing to advertisers. 


’ Bulletin of American Association Petroleum Geologists, November, 1929 { 
AKG \ \\ A 
MSS SS SS 
YIWAAAAAAAN QQ G iV GS 
\ 
\ - 
\ GQ \ XG NN 
AQ. GK. GG CQ AQ A A 
4 
\\ AAG CAAA AN 
a 
\ AC ASK 
\ ACSC GQ \ XG 
\ 
| 
SE SK SX GQ QQ GG GJ AK 
| 
} 
“4 | 
| | 
| 
| 
| 
| 
| 
FROM 
SG AGG NS 
WN AQ MXC CAA 
ae ACS 
 WDRILLING/ 
IA XQ — WAVE BX INS 


Bulletin of American Association Petroleum Geologists, November, 1929 


Cutters, Pins and Washers are 
interchangeable and easily 
replaceable. 


Hardly ever are all the cutters in a 
hard formation core bit head ruined on 
the first run. 


Many times a little break in the for- 
mation will simply slide one or two of 
the cutters, while all other parts are left 
intact. 


In the Reed Hard Formation Core Bit 
Head it is not necessary to throw away the 
entire set of cutters when such action 


takes place. 


Simply pull a cotter key or two, re- 
place the worn or flattened cutters and 
use all the other parts a second or per- 
haps a third time. 


All the cutters are alike, all the pins 
are alike and all the washers are alike, 
so it is very easy to replace the worn parts 
and it can be done right on the derrick 
floor in double quick time. 


Reed Hard Formation Core Bit cutters 
are cylindrical and ends of the cutters 
contacting the wall of hole and on the 
side next to core are faced with Reedite, 
a Tungsten carbide compound of almost 
diamond like hardness, thus increasing 
the life of each cutter. 


The operation and replacement econ- 
omy of this bit will surprise you. 


Gulf Coast and Mid-Continent distributors of 
Martin-Loomis Automatic Recording 
Weight Indicators 


ROLLER BIT CO. 


HOUSTON: LOS ANGELES 


Be sure to mention the BULLETIN when writing to advertisers. 


g 
«: 
CK AR}? \ AM NS 
\\ \\ AN \ \ SS 
DCG 
A GK WN 
AG WN DWN MG. GG \\ 
WS 
SV NSS 
KG £ SG 
ON 
WN GX 
NN 6 
\\\ 
SG 
QV 
SG 
WN 
ASG 
SS 
\ N \ 
AA SN NG WN 
\ AY GGG A AA dnd \\ NX 
NS QQ GQ B Wy SG 
NSS GG XG 
WN GQQCB GQ QQ GGG 
\\ \\ \ \\ AKG AY KE 
AK NK \ AN \\ 
Aw WK \ WN 


Bulletin of American Association Petroleum Geologists, November, 1929 


Geophysical Instruments for the 
Exploration of Mineral Deposits 


Their application cannot 
A be separated from bods 
— The Future of the — 
American Oil Industry 


More than ever before the pe- 
troleum geologist depends on 
quick and reliable information 
about the subsurface conditions, 
especially in unexplored areas with 
little or no surface indications. 
It is the merit of our torsion 
balances and magnetometers that 
they have greatly assisted geolo- 
gists of many leading American 
operating companies in their ex- 
ploration work. They have _ Vertical Magnetometer, 
Small Torsion Balance, proved through the test of time Improved Model 
Schweydar Model the accuracy of their analysis. 


FOR ECONOMICAL EXPLORATION USE OUR 
GEOPHYSICAL INSTRUMENTS 


We are making and selling for geophysical work: Torsion bal- 
ances, large and small models with automatic record- 
ing and visual reading; magnetometers; earth 
inductors; seismographs, Schweydar model. 


We train your personnel without charge 


Write for bulletins 


AMERICAN ASKANIA CORPORATION 


1024 MARINE BANK BUILDING - - HOUSTON, TEXAS 


Be sure to mention the BuLLETIN when writing to advertisers. 
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in the mid-conti- quickly and unbroken. 
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dreds of others else- 3 
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The 
Brewster 
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Original 
Eotvos 
‘Torsion 
Balances 


Rybar 
‘Torsion (Automatic and Visual) 
Balances 


Sold, or surveys executed. 


Sole Representative for 


NortTH-CENTRAL-SOUTH AMERICA 


GEORGE STEINER 
Petroleum Bldg. 
Houston, Tex. 
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PALEONTOLOGICAL PAPERS 


Special Separates with Covers from 


THE BULLETIN OF 
THE AMERICAN ASSOCIATION 
OF PETROLEUM GEOLOGISTS 


Convenient for use in Laboratory and Field 


1925. Subsurface Stratigraphy of the Coastal Plain of Texas and 
Louisiana, by E. R. Applin, A. C. Ellisor, and H. T. Kniker. 
43 pp., map, and plate - - - - - = $0.50 
1925. Correlation of Organic Shales in the Southern End of the San 
Joaquin Valley, California, by E. G. Gaylord and G. D. Hanna. 
An Eocene Fauna from the Moctezuma River, Mexico, by 


J. A. Cushman. Both, 75 pp., 5 plates - - - - $0.50 
1926. Texas Jackson Foraminifera, by J. A. ceases and E. R. 
Applin. 35 pp.,7 plates - - - - - - - $0.50 


Order direct from the American Association of Petroleum Geologists 
BOX 1852 TULSA, OKLAHOMA 


CARBON 
Black Diamonds 


- for - 


DiamondCore Drills 


Quality - Service 


THE DIAMOND DRILL CARBON CO. 


63 Park Row 
New York City 


Cable Address: CREDOTAN, N. Y. 


We Look into the Earth 


by using the Diamond Core Drill and bring- 
ing out a core of all strata so that it can be 
examined and tested. 


Shallow holes to determine structure can be 


- drilled at low cost. 


Core drill can be used to complete test that 
has failed to reach desired depth. In many 
places ‘“‘wild cat” wells can be drilled with 
the core drill at a fraction of the cost for 
large hole and the core shows nature and 
thickness of oil sands. 


PENNSYLVANIA DRILLING CO. 
Pittsburgh, Pa. 


CORE DRILLING CONTRACTORS 
Cable Andress PENNDRILL, Pittsburgh 
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The New W-KW Bit 


THE NATURAL_RESULT OF 


A Successful Background 


Actually drills more hole 
and cuts less formation- 
Cuts a core and then de- 
stroys it 


Drills a straighter full size 
hole with less power and 
reduces twist-offs 


resistance owing to isolation from rest of formation” 


<7 


and the later improved 
he 
KW. 
organization. Only ia 
were employed m 
and voday the he 
with the world leading 
tool manufacturers. 


od 


"GOE IGHT THROUGH EARTH* 


Be sure to mention the BULLETIN when writing to advertisers. 
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CORRELATION OF THE PERMIAN OF SOUTHERN UTAH, 
NORTHERN ARIZONA, NORTHWESTERN NEW MEX- 
ICO, AND SOUTHWESTERN COLORADO: 


A. A. BAKER and JOHN B. REESIDE, Jr? 
Washington, D. C. 


ABSTRACT 


The Permian of southern Utah, northern Arizona, northwestern New Mexico, 
and southwestern Colorado is conceived as bounded below, except in the Grand Canyon, 
by conformable Pennsylvanian limestone (Callville limestone in the extreme west, an 
unnamed unit in north-central Arizona, Hermosa formation in San Juan Valley and 
southwestern Colorado, Magdalena limestone in northwestern New Mexico), and above 

‘by unconformable Triassic deposits (Moenkopi formation, Shinarump conglomerate, 
and Dolores formation, in order from west to east). In the Grand Canyon the under- 
lying beds are Mississippian (Redwall) limestone. Three main types of Permian se- 
quence occur: that of the Grand Canyon, with the Supai formation and Hermit shale 
(red beds), Coconino sandstone (light-colored, cross-bedded), and Kaibab limestone, 
named in ascending order; that of Monument Valley and adjacent country north and 
south, with the Rico formation (red beds and limestone) below and five units above, 
here treated as parts of the Cutler formation and named in ascending order the Halgaito 
tongue (red beds), Cedar Mesa sandstone member (light-colored, cross-bedded), Organ 
Rock tongue (red beds), De Chelly sandstone member (light-colored, cross-bedded), 
and Hoskinini tongue (red beds); that of southwestern Colorado, with the Rico forma- 
tion (red beds and limestone) below and the undivided Cutler formation (red beds) 
above. The relations of these units to one another are shown in a number of cross 
sections and the earlier nomenclatures are correlated with that used here. Apparently 
the Permian began with the widespread deposition of red beds derived from the east, 
except in the extreme west part of the area where light-colored sands were laid down. 
In the east a few marine limestones (Rico) interrupted the sequence of red materials, 
representing incursions of a sea from the east. These first red deposits were followed 
by light-colored sands coming from the northwest (Cononino, et cetera), which inter- 


tRead before the Association at the Fort Worth meeting, March 22, 1929. Manu- 
script received by the editor, July 29,1929. Published by permission of the director 
of the U. S. Geological Survey. 


*Geologists, U. S. Geological Survey. 
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fingered with the red materials that still continued to come in from the east. Then 
marine waters gradually advanced from the west across the western half of the area, 
depositing chiefly limestone (Kaibab). East of the sea the light-colored sandstones 
were the chief deposits in a wide zone, and still farther east the red materials prevailed. 
Finally, the sea withdrew with seeming abruptness and the whole area was exposed to 
the period of erosion represented by the unconformity at the base of the Triassic. 


SCOPE OF PAPER AND SOURCE OF DATA 


In this paper the writers offer a correlation of the Permian deposits 
of a large area in Utah, Arizona, Colorado, and New Mexico, mostly in 
the Plateau province, but on the east extending into the Rocky Moun- 
tain province. In this area, shown in Figure 1, conditions of sedimenta- 
tion differed much between local regions at a given time and changed 
often with time, the net effect being to produce materially unlike se- 
quences of deposits at not widely separated places. Considerable dif- 
ference of opinion about relationships and appropriate nomenclature 
has naturally existed, and the present contribution, by reinterpreting \ 
previously published information and recording many new data, is de- 
signed to aid in clearing up at least some of the disputed matters. 

The data given here are in part taken from the literature, and checked, 
for many localities cited, by visits by one or both of the writers. In larger 
part, however, the data are derived from detailed mapping in 1926, 1927, 
and 1928 by U. S. Geological Survey field parties and from reconnais- 
sances made in connection with this work. The parties in 1926 and 1927 
were in charge of E. T. McKnight, C. H. Dane, and A. A. Baker. C. E. 
Dobbin and J. B. Reeside, Jr., were associated with them for various 
periods. In 1928 a party under Mr. Baker mapped in detail an area in 
southern Utah south of San Juan River, and in extension of the strati- 
graphic part of this project the writers made several reconnaissance 
trips in southeastern Utah and adjacent parts of the three adjoining 
states. H. E. Gregory joined them for ten days at the beginning of the 
season. In this reconnaissance work practically all of the important 
localities were visited, including some new to the writers and others 
previously examined but reviewed in the light of accumulated later in- 
formation. 

CHARACTER OF THE REGION 


Almost all the area under discussion is part of the Colorado Plateau. 
The rocks in general are flat-lying or but slightly inclined. Toward the 
west a few large faults disturb the strata, and toward the east several 
anticlines, in part faulted, and several laccolithic mountain masses 
break the regularity of the beds. The region is deeply dissected, vegeta- 
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tion is generally scant, and exposures continuous for many miles. On 
the whole it is ideal country for determining lateral relations of the 
stratigraphic units. 


UPPER AND LOWER LIMITS OF THE PERMIAN 


In the region under discussion the two planes which may be taken 
as convenient lower and upper limits of the Permian have been in recent 
years the subject of fairly general though not unanimous agreement. 

The lower limit is the top of a zone of Pennsylvanian limestones 
represented in the extreme west by such units as the Callville limestone 
of the Muddy Mountains of Nevada; farther east by limestones originally 
placed at the top of the Redwall limestone by various authors, and more 
recently considered by Darton’ to deserve separation as an independent 
unit between Redwall and Supai, wherever the units can be distin- 
guished; still farther east by the Hermosa formation, extended in this 
paper to apply to the Pennsylvanian part of the “ Goodridge formation” 
of the San Juan valley of Utah; and by the Magdalena limestone of north- 
western New Mexico. In the Grand Canyon, White reports? Permian 
plants from beds resting unconformably on Mississippian (Redwall) 
limestone, a part of the section originally considered of Pennsylvanian 
age and assigned to the Redwall, later placed in the Supai but still con- 
sidered Pennsylvanian. At several places pre-Cambrian crystallines 
rise high enough into the section to form the basement beneath the 
Permian. In general, however, Pennsylvanian limestones are the under- 
lying rocks. 

The upper limit is afforded by the unconformable base of the Tri- 
assic. Over much of the region the lowest Triassic is the Moenkopi 
formation, containing in the west fossiliferous marine deposits in the 
lower part, but in the east non-fossiliferous red beds of very character- 
istic lithology. Still farther east the Moenkopi formation is absent. 
At places the Shinarump conglomerate rests on the Permian beds; at 
other places the Shinarump is not recognized, but the Upper Triassic 
Chinle formation or the Dolores formation rests on them. 


MAIN TYPES OF LITHOLOGIC SEQUENCE 


Three main types of lithologic sequence are present in the area 
covered by this paper—one shown by the Grand Canyon section in 


*N. H. Darton, “A Résumé of Arizona Geology,” Univ. of Arizona Bull. 119 (1925), 
p. 72. 


?David White, personal communication. 
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central Arizona, a second by the section in Monument Valley in south- 
western Utah, and the third by the section in the Rico Mountains in 
southwestern Colorado. A fourth, of much less importance here, is 
shown in the Zuni Mountains of northwestern New Mexico. 

In the Grand Canyon section the Permian begins with the Supai 
formation, of red sandstone and shale with some limestone in the basal 
part, resting unconformably on the Mississippian Redwall limestone. 
Upon the Supai lies the unconformable red Hermit shale and then buff 
to gray-white, cross-bedded Coconino sandstone, and upon it in turn the 
marine Kaibab limestone, a unit of several massive limestone members 
separated by softer members of sandstone, shale, and gypsum. Above 
the Kaibab lies the unconformable Lower Triassic Moenkopi formation. 
This general sequence is found in the region west of a curved line extend- 
ing from Holbrook, Arizona, on the south, to the junction of San Juan 
and Colorado rivers and thence northward in Utah to the San Rafael 
Swell. Some departures from regularity are: the Hermit shale has not 
been generally identified outside of the Grand Canyon and has not 
usually been separated from the Supai formation; eastward the Kaibab 
limestone thins as a distinct unit until it disappears; westward the Supai 
formation loses much of its red coloring, and the Coconino sandstone 
thins until it is unrecognizable; westward also Pennsylvanian beds ap- 
pear in the section and become thick and important. 

In the Monument Valley section the Permian begins with a unit of 
interbedded marine limestones and red beds constituting the uppermost 
part of the ‘Goodridge formation,” to which in this paper the name 
Rico formation is extended. Beneath the Rico formation lies the re- 
mainder of the ‘‘Goodridge,” to which the name Hermosa formation is 
extended. Upon the Rico formation lies a conformable series of five 
lithologic units—red beds much like the Supai formation alternating with 
light-colored cross-bedded sandstone much like the Coconino sandstone 
of the Grand Canyon region. Above this series lies at most places the 
Moenkopi formation, but towards the east it is absent and the Shinarump 
conglomerate rests directly on the Permian. This sequence occurs 
throughout the area from the edge of the Kaibab limestone eastward 
to a line not accurately known but extending approximately southeast 
from the junction of the Green and Colorado rivers. The details vary 
much from place to place, not all the members being present everywhere, 
and the nomenclature which has been applied in the area has been much 
confused. In general an effort has been made to use the Grand Canyon 
terminology, but the results have not been satisfactory. In later pages 
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a nomenclature is offered in which the name Cutler formation is extended 
to the series of beds above the Rico formation and local member names 
are used for the variable parts of it. 

In the Rico Mountains the Permian begins with the Rico formation, 
which rests conformably on the Hermosa formation. Conformably above 
the Rico formation lies the Cutler formation. Both Rico and Cutler are 
dominantly red arkosic shales, sandstones, and conglomerates, the Rico, 
however, containing some marine fossiliferous limestones. Nothing 
comparable with the Kaibab limestone or with the light-colored cross- 
bedded sandstones is present. Next above the Cutler in Colorado lies 
the Triassic Dolores formation, though in Utah in the Moab region the 
Lower Triassic Moenkopi formation is present and at other places the 
Shinarump conglomerate or Chinle formation rests on the Cutler forma- 
tion. 

In the Zuni Mountain region a sequence of beds somewhat different 
from those enumerated in the preceding paragraphs appears above the 
Pennsylvanian Magdalena limestone. It has been divided into the Abo 
sandstone below, a brownish-red slabby sandstone yielding marine fossils 
in the lower part, and the Chupadera formation above, an alternation of 
limestone, sandstone, and gypsum which yields fossils in part identical 
with those of the Kaibab limestone. Red beds above the Chupadera 
have been assigned in the literature to the Moenkopi formation, but the 
writers believe them to be chiefly, if not all, Permian. The next overlying 
beds are the Shinarump conglomerate and then the Chinle formation. 

Figures 2 and 3 show sections typical of the first three regions, and 
Figures 5 and 6 show the section in the fourth. 


RELATIVE VALUE OF DATA 


The quality of the data used in this paper varies somewhat because 
of the large size of the area covered. Within the areas adjacent to the 
Colorado and Green rivers and the area south of San Juan River in Mon- 
ument Valley, where detailed mapping was carried out, the degree of 
certainty is high, especially as in these areas the exposures are contin- 
uous throughout long distances. In the intervening areas and southward 
in Arizona enough work has been done to assure a reasonable degree of 
certainty. A relatively small gap between the Defiance uplift and Mon- 
ument Valley is practically eliminated by the presence of an identical 
section on both sides. Enough work in detail and reconnaissance has 
been done by various persons in the Grand Canyon region also and west- 
ward from it to establish a reasonable degree of certainty. It is not pos- 
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sible, however, to make direct connections between the region where 
Kaibab limestone is present and the region on the east because of the 
presence of a belt of post-Permian rocks of varying width—35 to 40 miles 
in the north between San Rafael Swell and the canyon of Green River 
near its mouth, and perhaps 70 miles in the south between Lees Ferry 
and the mouth of Nokai Creek or between Holbrook and Fort Defiance. 
Correlations across this belt are all inferred on the basis of similar se- 
quence, lithology, and a few fossils. Between the San Juan Mountain 
region and the exposures of Permian rocks on the west a direct connection 
is not possible because of a belt of post-Permian rocks. Here, however, 
the identity in sequence and lithology, and the presence of the Rico fauna 
in the lower part serve to establish a satisfactory correlation across the 
concealed belt. 


REGIONAL CORRELATIONS 


The correlations offered here will be shown by a series of seven’ 
straight-line cross sections in various directions across the regions con- 
cerned, all based on local measured sections, and finally by a composite 
of these in a perspective diagram. The location of these cross sections 
is shown in Figure 1. 

Muddy Mountains, Nevada, through Monument Valley, Utah, to the 
Rico Mountains, Colorado (Fig. 2).—This diagram shows a complete 
sequence of change from the section of Grand Canyon type through that 
of Monument Valley type to that of the San Juan Mountain type. In 
the Muddy Mountains,' Nevada, and at Hacks Canyon? and Lees Ferry,’ 
Arizona, gross units similar to those differentiated in the Grand Canyon 
are present. In the Muddy Mountains the Supai formation is composed 
of pink sandstone, some red shale, gypsum, and minor limestone 1,485 
feet thick. Hermit shale is not recognized, and Coconino sandstone is 
absent. At Hacks Canyon Reeside and Bassler assigned to the Supai 
the 1,075 feet of beds exposed beneath the go feet of Coconino sandstone, 
but Gregory and Noble‘ later assigned the upper 550 feet of this to the 

'C. R. Longwell, “Geology of the Muddy Mountains, Nevada,” U.S. Geol. Survey 
Bull. 798 (1928), pp. 31-43. 


2J. B. Reeside, Jr., and Harvey Bassler, ‘Stratigraphic Sections in Southwestern 
Utah and Northwestern Arizona,” U.S. Geol. Survey Prof. Paper 129 (1922), p. 60. 


3Kirk Bryan, cited by C. R. Longwell, H. D. Miser, R. C. Moore, Kirk Bryan, and 
Sidney Paige in ‘‘ Rock Formations in the Colorado Plateau of Southeastern Utah and 
Northern Arizona,” U.S. Geol. Survey Prof. Paper 132 (1923), p. 16. 


4H. E. Gregory and L. F. Noble, “‘Notes on a Geological Traverse from Mohave, 
California, to the Mouth of the San Juan River, Utah,” Amer. Jour. Sci., Ser. 5, Vol. 
5 (1923), 235. 
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Fic. 1.—Sketch map showing location of sections presented in Figures 2-8, and of 
the region included in Figure 9. 


Hermit shale. At Lees Ferry only a small thickness of beds is exposed 
beneath the Coconino sandstone and in this Bryan noted the Hermit 
shale with doubt. The Conconino sandstone at Lees Ferry is 300 feet 
thick and its westward thinning to 90 feet at Hacks Canyon and to en- 
tire absence in the Muddy Mountains is a striking feature. 

Southwest of the Muddy Mountains in the Goodsprings Mountains, 
Nevada, Hewett' found a massive buff sandstone more than 4oo feet 
thick in the midst of the 1,080 feet of Supai, though neither Coconino 
nor Hermit is recognizable, and all strata between the Pennsylvanian 
and the Kaibab limestone are placed in the Supai. Northeast of the 
Muddy Mountains, in southwestern Utah,? the Supai loses its red coloring 
and neither Hermit nor Coconino is recognizable, but the Supai, the 
Hermit, and possibly part of the Coconino seem to be represented by an 


'D. F. Hewett, “Geology and Ore-Deposits of the Goodsprings Quadrangle, Ne- 
vada,” U.S. Geol. Survey Prof. Paper (in press). 


2J. B. Reeside, Jr., and Harvey Bassler, ‘‘Stratigraphic Sections in Southwestern 
Utah and Northwestern Arizona,” U.S. Geol. Survey Prof. Paper 129 (1922), pp. 57, 77- 
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Fic. 2.—Sections from Muddy Mountains, Nevada, through Monument Valley 
to the Rico Mountains, Colorado. Names marked with asterisk (*) are as used in 
previous reports and are not accepted in this paper. 


indivisible yellow sandstone unit nearly 1,500 feet thick. It seems to the 
present writers that the northwestward thinning of the Coconino is 
probably due in large part to a lateral change into Kaibab limestone at 
the top. The Kaibab limestone, with some gypsiferous and sandy beds, 
attains a maximum thickness on the line of the section of 830 feet at 
Hacks Canyon, Arizona. It is thicker toward the northwest away from 
the line of the section but somewhat thinner as differentiated in the 
Muddy Mountains. It thins eastward, and fades out under cover on 
the line of the section at some point between Lees Ferry, Arizona, and 
Nokai Creek, Utah. The Permian strata are concealed beneath younger 
sediments between these two points, and the change in stratigraphy can 
not be observed. The Lower Triassic Moenkopi formation overlying 
the Kaibab is readily recognized from Muddy Mountains to Lees Ferry, 
although it thins much eastward and loses the marine beds in the lower 
part. Its base is everywhere an erosional unconformity. 

East of Lees Ferry the Permian strata reappear from beneath their 
cover of younger sediments at Nokai Creek in Utah, where an incomplete 
section is exposed. East of Nokai Creek excellent exposures for many 
miles in Monument Valley permit detailed study of the stratigraphy. 
The sequence of strata bears little resemblance to that at Grand Canyon. 
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The Kaibab limestone is absent and the major part of the Permian con- 
sists of two dark buff to white sandstones, each much like the Coconino, 
separating three red-bed units. To this group of units in this paper the 
name Cutler formation is extended (see page 1443). Beneath it lies what 
has been called by previous writers the “Goodridge formation.” The 
upper 300 to 400 feet of the “‘ Goodridge formation,” as long ago recorded 
by Woodruff,’ consists of red sandstones and shales with interbedded 
limestones which contain marine invertebrates identical with those of 
the Rico formation. In consideration of the lithology and fauna this 
portion of the “Goodridge formation” is in this paper designated the 
Rico formation.?, The lowest of the three units of red sandy shale and 
sandstone resting conformably on the Rico is 250 to 430 feet thick. It 
has been called part of the Moenkopi formation,’ Supai(?),4 part of the 
“Monument Valley shale,” of Hager,’ and part of the “ Goodridge,’ 
but is here designated the Halgaito tongue of the Cutler formation (see 
page 1443). In these red beds the writers found fragmentary bones 
that E. C. Case determined to be of Permian types. Above the 
lowest unit of red beds lies the lower light-colored sandstone, conspicuous 
in Cedar Mesa, previously called Coconino sandstone and here desig- 
nated the Cedar Mesa sandstone member of the Cutler formation (see 
page 1443). It is a massive white sandstone 500 feet thick in Moonlight 
Creek. Eastward near Comb Ridge it breaks up into several massive 
yellowish-brown ledges separated by gypsum and red sandy shales. A 
short distance south of the line of the section shown in Figure 2 the mas- 
sive sandstones disappear entirely and the interval of the light-colored 
sandstone is represented by an unbroken sequence of red sandstones and 
sandy shales extending from the Halgaito tongue up into the next over- 
lying unit. The exposures are continuous, and the change may be 
followed throughout. Above the Cedar Mesa sandstone is the second 
set of red beds, those that form the picturesque landmark known 
as Organ Rock. This red-bed unit is thin, regularly bedded sandy shale 

"E. G. Woodruff, “Geology of the San Juan Oil Field, Utah,” U. S. Geol. Survey 
Bull. 471 (1912), pp. 81-85. 


See also A. A. Baker and others, “‘ Notes on the Stratigraphy of the Moab Region, 
Utah,” Bull. Amer. Assoc. Petrol. Geol., Vol. 11 (1927), pp. 794, 799, 805. 


3E. G. Woodruff, op. cit., pp. 86-88. H. E. Gregory, ‘‘The Navajo Country,” 
U.S. Geol. Survey Prof. Paper 93 (1917), p. 29- 


4H. D. Miser, cited by C. R. Longwell and others, op. cit., p. 7. 


5Dorsey Hager, “‘Stratigraphy—Northeast Arizona-Southeast Utah,’’ Mining 
and Oil Bull., Vol. 10 (1924), p. 137. 


6H. E. Gregory, of. cit., map, Pl. 2. 
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and sandstone weathering into fluted, vertical faces. They have been 
previously referred to the Moenkopi formation by practically all writers 
on the region but are here designated the Organ Rock tongue of the Cutler 
formation. These middle red beds are 380 feet thick at the mouth of 
Nokai Creek and thicken eastward to 550 feet. Fossil plants determined 
by David White to be Walchia piniformis and Yakia heterophylla White 
Ms. of Permian age were found at the top of these middle beds in Copper 
Canyon at the Arizona-Utah state line, and bones determined by E. C. 
Case to be of Permian age were found near the base. At the very base of 
the Organ Rock tongue occur at several places thin discontinuous beds 
of very sandy limestone. Darton’ reported invertebrates of Kaibab age 
from one of these on Moonlight Creek. The writers examined several 
of these lenses but found no fossils of any sort. The units are so indefinite 
that it seems hardly worth while to call them Kaibab limestone, though 
any marine invertebrates at the horizon might well be Kaibab species. 

The buff sandstone which lies above the Organ Rock tongue, has 
been called the De Chelly sandstone by most investigators, though 
Woodruff? included it in his “Oljato sandstone.” It is but 100 feet 
thick near the mouth of Nokai Creek, thins northeastward and 
is absent at Clay Hill Crossing, but a few miles away. Southeast- 
ward it thickens until at 10 miles above the mouth of Moonlight Creek 
it is 300 feet thick. It thins again northeastward from that point to a 
thickness of 100 feet at Comb Ridge, where it dips below younger sed- 
iments, and it disappears northward along Comb Ridge. Probably if 
it were not eroded off along San Juan River from Nokai Creek eastward 
to Comb Ridge its thickness would stand in this direction at about 100 
feet, and it would fade out northward from the line of section. The up- 
permost series of red beds is 60 feet thick at Nokai Creek and is sepa- 
rated from the overlying red beds of the Moenkopi formation by an ero- 
sional unconformity. This series of red beds, consisting of sandy shales 
and sandstones which stand in a vertical fluted face, thins eastward and 
is absent at Comb Ridge. The name Hoskinini tongue of the Cutler 
formation is here applied to it (see page 1443). Where the De Chelly 
sandstone disappears at Clay Hill Crossing the Organ Rock and Hos- 
kinini tongues unite to form one red-bed unit. 

At Comb Ridge the Permian sediments dip eastward below younger 
sediments. In the Rico Mountains, Colorado, they are again exposed as 

'N. H. Darton, “A Résumé of Arizona Geology,” Univ. of Arizona Bull. 119 
(1925), p. 207. 

2E. G. Woodruff, of. cit., p. 87. 
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the Cutler and Rico formations, the former consisting entirely of coarse, 
arkosic red beds and the latter of red beds containing marine limestones. 
The stratigraphic relations disclosed in Arizona and Utah, as will be 
brought out in subsequent description, indicate that the red beds in the 
Cutler formation are essentially equivalent to the five lithologic units 
between the Rico and Moenkopi formations in Monument Valley. 

Sycamore Canyon, Arizona, through Monument Valley, Utah, to Fisher 
Valley, Utah (Fig. 3).—This cross section also shows a complete change 
in lithology of Permian sediments from the type found at the Grand 
Canyon to that of the red beds of western Colorado. At Sycamore 
Canyon, Arizona,‘ and Little Colorado River near Moenkopi Wash,? in 
Arizona, the sections closely resemble that at the Grand Canyon with 
red sandy shales and sandstones of the Supai formation, light-colored 
Coconino sandstone about 600 feet thick, and Kaibab limestone about 
325 feet thick. Hermit shale has not been identified at these localities. 
The Supai formation rests on Redwall limestone, which, as identified by 
Robinson at Sycamore Canyon, was reported to contain Pennsylvanian 
fossils in the upper part but at Little Colorado River is Mississippian 
only. 
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Fic. 3.—Sections from Sycamore Canyon, Arizona, through Monument Valley 
to Fisher Valley, Utah. Names marked with asterisk (*) are as used in previous re- 
ports and are not accepted in this paper. 


*H. H. Robinson, “‘The San Franciscan Volcanic Field,” U. S. Geol. Survey Prof. 
Paper 76 (1913), pp. 22-24. 


7H. E. Gregory, ‘“‘Geology of the Navajo Country,” U.S. Geol. Survey Prof. Paper 
93 (1917), Pp. 
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Along the line of the section the Permian sediments are concealed 
beneath younger rocks between Little Colorado River, Arizona, and 
Monument Valley, Utah. Where they appear at the surface in Mon- 
ument Valley they consist, as described above, of the Rico and Cutler 
formations, the latter divided into five members. The Rico formation 
near Organ Rock is 410 feet thick and composed of buff to red sandstones 
and shales with numerous interbedded fossiliferous marine limestones. 
The Halgaito tongue of the Cutler formation is red sandstone and sandy 
shale 430 feet thick. The Cedar Mesa sandstone member, as previously 
stated, is 500 feet thick, and the Organ Rock tongue about 550 feet thick. 
The De Chelly sandstone member, the upper of the two light-colored 
sandstone units, is about 300 feet thick. In the vicinity of Organ Rock 
the Hoskinini tongue is about 40 feet thick. Northeast from Monument 
Valley the De Chelly sandstone thins and disappears near San Juan 
River at Clay Hill Crossing. The upper and middle red beds then merge 
to form in the region north of San Juan River a single red-bed series that 
has hitherto been included in the Moenkopi formation.' The top of the 
Permian sediments is marked by an unconformity which separates them 
from the overlying true Moenkopi of Lower Triassic age. Near the 
Bears Ears on Elk Ridge the red beds of the upper Cutler are 350 feet 
thick and consist of deep red to maroon sandstones and sandy mudstones 
which contrast sharply with the light chocolate-brown shales and flaggy 
ripple-marked sandstones of the Moenkopi above. Beneath these red 
beds lies the massive light-colored cross-bedded Cedar Mesa sandstone 
member forming the broad bench between the Colorado and 
San Juan rivers. Between San Juan River and the south end of Elk 
Ridge the Halgaito tongue thins out, and the sandstone thickens until 
it rests directly on the Rico formation. Instead of the six stratigraphic 
units recognized in Monument Valley the Permian can be divided into 
but three units on Elk Ridge—the upper red member of the Cutler for- 
mation, the Cedar Mesa sandstone member in the middle, and the Rico 
formation at the base. This same stratigraphic sequence prevails north- 
eastward to the junction of the Green and Colorado rivers except that 
the upper red beds thin. The Rico formation is about 600 feet thick, 
and the Permian sediments above the Rico formation are about goo 
feet thick at the junction of Green and Colorado rivers. The upper red 
beds nearly disappear just north of the junction of the rivers, for a wedge 
of white sandstone, which has been called the De Chelly(?) or, locally, the 


*C. R. Longwell and others, “Rock Formations in the Colorado Plateau of South- 
eastern Utah and Northern Arizona,” U.S. Geol. Survey Prof. Paper 132 (1923), p. 9 
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White Rim, is present at the top of the Permian, and the Moenkopi for- 
mation rests directly on it.t The writers believe the name De Chelly 
should no longer be applied to this sandstone member of the Cutler, but 
that the current local use of the name White Rim should be formally 
adopted. A few miles up Colorado River from its junction with Green 
River the thick Cedar Mesa sandstone member of the Cutler, composing 
the main body of the Permian sediments, passes completely into deep 
red or purplish to salmon, coarse-grained, arkosic sandstones with a 
small amount of shale. The White Rim sandstone extends a little far- 
ther but thins northeastward and disappears near the mouth of Lockhart 
Canyon. The red sediments become coarser-grained and conglomeratic 
as their outcrop is followed up Colorado River, and at Fisher Valley near 
the Colorado-Utah state line the conglomeratic maroon sediments are 
an exact counterpart of the Cutler formation as exposed in the Rico 
Mountains.” 

Muddy Mountains, Nevada, across northern Arizona into northwestern 
New Mexico (Fig. 4).—In the Muddy Mountains the limestone, gypsum, 
shale, and massive sandstones of the Supai formation, nearly 1,500 feet 
thick, rest on the Callville limestone, of Pennsylvanian age. Above the 
Supai lie the limestone and gypsum of the Kaibab formation, 450 feet 
thick, the Coconino sandstone and the Hermit shale not being recognized. 

The sections at Bass Trail,’ Red Canyon,‘ and Little Colorado Rivers 
are typical Grand Canyon sequences. The Supai as defined by Noble at 
Bass Trail is 953 feet thick, consisting of red to buff sandstone and red 
shale with some limestone in the lower 200 feet and resting with slight 
unconformity on the Redwall limestone. The lower part was formerly in- 
cluded in the Redwall limestone and later transferred to the Supai. It was 
long assigned to the Pennsylvanian on stratigraphic grounds, but Permian 
plants occur near the base at Hermit Trail and the entire Supai of that 
area is now regarded as Permian. There are no definitely proven Penn- 


"A. A. Baker and others, “Notes on the Stratigraphy of the Moab Region, Utah,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 11 (1927), Pp. 794. 


2The section at Fisher Valley shown in Figure 3 was generously supplied by C. H. 
Dane. 


3L. F. Noble, “A Section of the Paleozoic Formations of the Grand Canyon at 
the Bass Trail,” U.S. Geol. Survey Prof. Paper 131 (1922), pp. 26, 29, 59. 


4Fritz Frech, “Section in Congress Canyon Opposite Point Sublime,” Congrés 
Géologique International, Compte Rendu de la 5me Session (1893), pp. 476-81. 


5H. E. Gregory, “Geology of the Navajo Country,” U.S. Geol. Survey Prof. Paper 
93 (1917), 19. 
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sylvanian beds in the Grand Canyon, and it is not clear where those 
beds which in near-by regions contain Pennsylvanian fossils make their 
appearance in the section. The Hermit shale, 332 feet thick at Bass 
Trail, consists of red sandy shale and soft sandstone. It has not been 
recognized at many places and the usage of Supai as including beds up 
to the Coconino still prevails, although beds of Hermit age are probably 
present in the top. The writers believe there might be an advantage in 
again including the Hermit shale in the Supai formation as a member 
with a special type of lithology peculiar to the Grand Canyon region, 
though the Hermit, where recognized, has been given place as a distinct 
formation in the diagrams accompanying this paper. The large variety 
of footprints occurring in both Hermit and Supai, and the fossil floras now 
known in both, reduce very greatly the importance of the unconformity 
in the Grand Canyon section. 

The Coconino sandstone, 330 feet thick at Bass. Trail,’ consists of a 
massive, pale buff, cross-bedded sandstone; and the Kaibab limestone, 
562 feet thick, of two limestone members separated by buff and reddish 


'L. F. Noble, “A Section of the Paleozoic Formations of the Grand Canyon at the 
Bass Trail,” U.S. Geol. Survey Prof. Paper 131 (1922). pp. 26, 28. 6€. 
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sandstone. The sections described at Red Canyon (Congress Canyon), 
Arizona, by Frech' and at Little Colorado River by Gregory? closely 
agree with the Bass Trail section except that the Hermit shale was not 
recognized, the Cononino is thicker, and the Kaibab correspondingly 
thinner. Noble’ says that the Hermit shale is less than too feet thick 
at Tanner Canyon, half-way between Red Canyon and Little Colorado 
River and that the unconformity at its base is unrecognizable. 

Between Little Colorado River near the mouth of Moenkopi Wash 
and Fort Defiance, Arizona, the Permian strata are concealed by younger 
sediments. Where the Permian sediments reappear in Bonito Canyon 
at Fort Defiance they rest upon quartzite of pre-Cambrian age.‘ A little 
farther to the south, near Hunter Point, the Permian beds rest on granite. 
The lower part of the Permian consists of red beds, 600 feet thick, called 
Moenkopi by Gregory’ and Supai by Hager® and Darton.? In them 
Gregory found fossil plants determined by David White’ to be of Perm- 
ian age. 

Upon the red beds above the pre-Cambrian lies a massive sandstone 
more than 250 feet thick and continuous with the De Chelly sandstone 
of De Chelly Canyon. The writers agree with Darton and Hager? that 
this sandstone at Fort Defiance is probably continuous under the inter- 
vening younger beds with the Coconino sandstone of the Holbrook, 
Arizona, region, where a thin remnant of Kaibab limestone is still ob- 
servable. 

At Fort Defiance the Kaibab limestone is absent and the uppermost 
Permian strata are interbedded red shale and thin buff to salmon-colored, 
massive, irregularly bedded sandstones, in all 80 feet thick, that are not 
sharply separated from the underlying massive sandstone, but whose 
top is a marked erosional unconformity separating them from the over- 
lying Shinarump conglomerate. This series of beds has been included 


‘Fritz Frech, loc. cit. 

?H. E. Gregory, loc. cit. 

3L. F. Noble, of. cit., pp. 64, 65. 
4H. E. Gregory, op. cit., pp. 17, 27. 
STbid., p. 27. 


*Dorsey Hager, “Stratigraphy—Northeast Arizona-Southeast Utah,” Mining 
and Oil Bull., Vol. 10 (1924), pp. 167, 423. 


7N. H. Darton, “A Résumé of Arizona Geology,” Univ. of Arizona Bull. 119 (1925), 
pp. 85, 91, 207, Pl. 61 b. 


8H. E. Gregory, ibid., p. 31. 


9N.H. Darton, ibid., p. 207. Dorsey Hager, ibid., pp. 176, 423. 
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in the Moenkopi formation by Darton," but the writers believe that they 
should be included in the Permian, since they show none of the easily 
recognizable characteristics of the Moenkopi formation and are not sharp- 
ly separated from the underlying massive sandstone. The only uncon- 
formity apparent is at the base of the Shinarump conglomerate, and this 
unconformity may well represent, as it does at various places north of 
Fort Defiance, the remainder of Permian time and Triassic time to the 
beginning of the Shinarump. 

At Fort Defiance the Permian strata dip under younger strata in 
the Defiance monocline to reappear at the surface, on the line of the 
section, at Jemez Pueblo, New Mexico. The stratigraphic succession 
and lithology are somewhat different here, and different stratigraphic 
names have been applied. The Permian formations, Chupadera above 
and Abo below, constituting the Manzano group, rest on the Magdalena 
limestone, of Pennsylvanian age.? The writers did not visit this locality, 
but from Renick’s description of the formations it seems likely that the 
De Chelly sandstone, as a lithologic unit, disappears eastward, although 
Darton! says “it reappears again extensively in New Mexico as part of 
the Chupadera formation.”’ Part of the Chupadera formation is prob- 
ably the time equivalent of the De Chelly or Coconino sandstones, but 
it would seem difficult to pick out a lithologic unit in the Chupadera 
formation as equivalent to the notably variable De Chelly or Coconino 
sandstones. The precise equivalency in time or lithology between the 
section at Fort Defiance and that at Jemez Pueblo can not be stated at 
the present time. Limestones in the Chupadera have at places yielded 
invertebrates like those of the Kaibab, and the Abo sandstone has yielded 
Permian plants. Difference of opinion prevails as to the age of inverte- 
brates in the lower Abo. Upper Triassic vertebrates occur at some places 
below the Poleo sandstone,‘ indicating that the Poleo sandstone and some 
part of the underlying beds are younger than Permian and that the Poleo 
sandstone is younger than Shinarump conglomerate. In Figure 4 the 
base of the Shinarump conglomerate should possibly be correlated with 
some horizon in the interval labeled on the section as the Chupadera 


'N. H. Darton, “A Résumé of Arizona Geology,” Univ. of Arizona Bull. rrg (1925), 
p. 110. 


2B. C. Renick, “Western Sandoval County, New Mexico,” U. S. Geol. Survey 
Water Supply Paper (in press). 


3N. H. Darton, ibid., p. 91. 


4E. C. Case, “Contributions from the Museum of Paleontology, Univ. of Mich- 
igan,” Vol. 3, No. 1 (1928). 
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formation, although Darton" considers the beds below the Poleo near 
Jemez to be all Permian. 

Sycamore Canyon, Arizona, to Jemez Pueblo, New Mexico (Fig. 5). 
—This section extends nearly east-west across the southern margin of 
the region discussed in this paper and connects the section of Grand 
Canyon type with that of the Zuni Mountains. At Sycamore Canyon, 
Arizona,? and Chevelon Creek, Arizona,’ the Permian units resemble 
those of the Grand Canyon. The red beds of the Supai formation are 
600 feet thick at Sycamore Canyon and 1,050 to 1,200 feet thick in drill 
holes near Chevelon Creek,‘ resting on Redwall limestone. The Hermit 
shale has not been identified. At both of these localities the Coconino 
sandstone is about 600 feet thick. The Kaibab limestone thins eastward 
from more than 300 feet at Sycamore Canyon to about 1oo feet at Chev- 
elon Creek and disappears a short distance east of Chevelon Creek. 
Upon the Kaibab limestone rests unconformably the Moenkopi forma- 
tion, of Lower Triassic age, unconformably overlain by the Shinarump 
conglomerate. 
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Fic. 5.—Sections from Sycamore Canyon, Arizona, to Jemez Pueblo, New Mexico. 
Names marked with asterisk (*) are as used in previous reports and are not accepted 
in this paper. 


*N. H. Darton, “‘Red Beds’ and Associated Formations in New Mexico,” U. S. 
Geol. Survey Bull. 794 (1928), p. 157. 


?H. H. Robinson, “The San Franciscan Volcanic Field, Arizona,” U. S. Geol. 
Survey Prof. Paper 76 (1913), pp. 22-24. 


3N. H. Darton, “A Résumé of Arizona Geology,” Univ. of Arizona Bull. 119 
(1925), Pp. 96, 203. 
4N. H. Darton, ibid., p. 203. 
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One hundred miles east of the Chevelon Creek locality the Permian 
strata reappear from beneath a cover of younger strata in the Zuni 
Mountain uplift in New Mexico. Darton" has described the Permian 
sediments as constituting the Manzano group, with the Chupadera 
formation above and the Abo sandstone below, resting on pre-Cambrian 
granite. The Abo sandstone is 600-700 feet thick and is composed of 
brown-red slabby sandstone and sandy shale with some limestone. 
The Chupadera formation is 500 feet thick and is composed of limestone 
and hard gray sandstone above and soft red sandstone below. Above 
the Chupadera formation are 500-850 feet of shale, mostly sandy and 
red, that has been assigned by Darton to the Moenkopi formation. All 
the evidence known to the writers indicates that the true Moenkopi for- 
mation is thinning eastward, and since it is absent at Fort Defiance, 
Canyon De Chelly, and practically so on the east side of Monument 
Valley, it seems unlikely that the Moenkopi formation would, at a point 
east of Fort Defiance, have so great a thickness. It seems, on the other 
hand, quite likely, in view of known changes in the lithology of Permian 
sediments, that most or all of the red beds included by Darton in the 
Moenkopi formation in the Zuni Mountain uplift should be included in 
the Permian, and they are so indicated on the diagram. The occurrence 
at several localities of Permian vertebrates? in red beds in or above the 
Chupadera is strongly in favor of this view. The contact between the 
Triassic and the Permian would then be at the base of the Shinarump 
conglomerate, as it is at Fort Defiance and Canyon De Chelly. The 
lithologic units differentiated in the Permian farther west are not recog- 
nizable in the Permian sediments of the Zuni Mountain uplift, though 
part of the Chupadera bears a fauna much like that of the Kaibab lime- 
stone. Probably there was a connection south of the area dealt with in 
this paper by which the Kaibab and Chupadera faunas could mingle. 

The section at Jemez Pueblo described in the discussion of Figure 4 
is given on Figure 5 for purposes of comparison. 

Circle Cliffs, Utah, southeast to Zuni Mountains, New Mexico (Fig. 6). 
—This cross section connects the section of Grand Canyon type through 
Monument Valley with the section in the Zuni Mountains. At Circle 

1N. H. Darton, “‘Geologic Structure of Parts of New Mexico,” U. S. Geol. Survey 


Bull. 726 (1922), pp. 31, 36, 44; and “‘‘ Red Beds’ and Associated Formations in New 
Mexico,” U.S. Geol. Survey Bull. 794 (1928), pp. 137-55. 


2E. C. Case, “Further Evidence Bearing on the Age of the Red Beds in the Rio 
Grande Valley,” Science, new ser., Vol. 44 (1916), p. 709. N.H. Darton, “‘‘ Red Beds’ 
and Associated Formations in New Mexico,” U.S. Geol. Survey Bull. 704 (1928), pp. 
26, 209. 
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Cliffs, Utah, the Permian strata are known chiefly from the log of a single ii 
well. Gregory’ and Moore describe about 150 feet of Kaibab limestone, ae 
beneath which are light-colored sandstones more than 1,200 feet thick, 
with about 200 feet of limestone and shale near the middle. All of this e. 
thick series of sandstones is probably to be assigned to the Coconino 
sandstone. 

Permian strata are not exposed for some distance southeast of Circle 
y Cliffs, but in Monument Valley the complete section described on pages 
1420-1423 is exposed. Where they first appear, in the Balanced Rock . 
anticline at the mouth of Nokai Creek, only the upper 600 feet of the Cut- Pa 
ler formation is exposed. About 50 feet of the white Cedar Mesa sand- 
stone member shows above the water level of San Juan River. Above it 
are 400 feet of red beds constituting the Organ Rock tongue, then the 
De Chelly sandstone member, less than 100 feet thick in Balanced Rock 
anticline and so stained by wash from the overlying red beds that it is 
not a conspicuous unit. It thins out completely near Clay Hill Crossing, 
a few miles east of the Balanced Rock anticline, and is shown in the dia- 
gram as thinning out to the northwest, though it may possibly be con- 
tinuous under cover with the Coconino sandstone. About 50 feet of red 


$5 


'H. E. Gregory and R. C. Moore, “‘Kaiparowits Region, Utah-Arizona,” U. S 
Geol. Survey Prof. Paper (in press). 


> 


1432 A, A. BAKER AND JOHN B. REESIDE, JR. 


sandy shales, sandy mudstones, and sandstones at the top of the Permian 
constitute the Hoskinini tongue of the Cutler formation. Near Moon- 
light Creek and Organ Rock the entire series of Permian beds, as stated 
on pages 1422-1425, is displayed. The underlying rock is Hermosa 
(Pennsylvanian) limestone. The Rico formation (basal Permian) is 
300 feet thick, and the basal Halgaito tongue of the Cutler is 425 feet 
thick. The Cedar Mesa sandstone is about 500 feet thick. East of the 
line of the cross section this sandstone may be observed to change south- 
eastward into red sandy shales and sandstones. On the line of cross 
section an interval of 70 miles southeast of Monument Valley is covered, 
but the same sort of change must occur and isso shown. Above the Cedar 
Mesa sandstone the Organ Rock tongue is 500 feet thick. At the north- 
east point of Hoskinini Mesa there is a local irregularity at the contact 
between the Organ Rock tongue and the overlying De Chelly sandstone, 
the red beds abruptly rising for a short distance along the outcrop some 
50 feet into the overlying sandstone. This is the only irregularity ob- 
served at the contact, and the writers believe it to be a depositional and 
not an erosional feature. The De Chelly sandstone member thickens 
rapidly to the southeast from Nokai Creek and is 300 feet thick on Moon- 
light Creek. The Hoskinini tongue observed at the mouth of Nokai 
Creek is still present on Moonlight Creek, but is thinning out toward 
the southeast. 

Southeast of Monument Valley along the line of the section shown 
in Figure 6 the next Permian exposures are in the Defiance uplift. Here 
a complete section is not present, for the Permian strata overlap as 
previously stated, on pre-Cambrian granite and quartzite. A well at 
Nazlini Creek, near Chinle, Arizona,’ showed the De Chelly sandstone 
member to be about 4oo feet thick, the upper 200 feet exposed, underlain 
by 600 feet of red beds, and then granite. In the walls of the near-by 
Canyon De Chelly an incomplete exposure of the De Chelly member 
shows a thickness of about 800 feet, with the Shinarump conglomerate, 
of Upper(?) Triassic age, resting directly upon it. There should be red 
beds beneath it, in all probability, but no data are available. In Bonito 
Canyon, west of Fort Defiance and about 36 miles southeast of Canyon 
De Chelly, the Permian strata are similar to those known at Nazlini 
Creek. Beneath the Shinarump conglomerate lies the 80 feet of red beds 
which the writers include in the Permian. The underlying De Chelly 
sandstone is about 260 feet thick and obviously continuous with the De 
Chelly sandstone of De Chelly Canyon and Nazlini Creek. It is in turn 


*N. H. Darton, “A Résumé of Arizona Geology,” Univ. of Arizona Bull. 119 (1925), 
p. 86. 
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underlain by about 600 feet of red sandy shales, sandy mudstones, and 
sandstone, which rest on the pre-Cambrian quartzite. 

Fifty miles southeast of Fort Defiance, in the Zuni Mountain uplift 
in New Mexico, Permian sediments reappear on the line of cross section 
after dipping under younger beds on the east flank of the Defiance mono- 
cline. These Permian rocks were described in the discussion of Figure 5. 
The Shinarump conglomerate rests unconformably upon red beds 600 
feet or more thick which the writers assign to the Permian. The under- 
lying Chupadera and Abo formations, which together are nearly 1,200 
feet thick in the Zuni Mountains, would then be the time equivalent of 
the lower part of the Permian strata found northwest of Canyon De 
Chelly. The Abo formation rests on pre-Cambrian granite, and marine 
fossils of Kaibab aspect in the Chupadera suggest a connection by some 
southern route with the Kaibab marine sediments. 

Jerome district, Arizona, to the San Rafael Swell, Utah (Fig. 7).— 
The six columnar sections shown in this cross section are all located in 
the area where the succession of Permian strata is like that of the Grand 
Canyon, and are all divisible into three units: red beds in the lower part, 
Coconino sandstone in the middle, and Kaibab limestone at the top. 

In the Jerome district Ransome’ described Coconino sandstone, 
500 feet thick, resting upon the Supai formation, 1,000 feet thick. The 
Hermit shale was not recognized, and the Kaibab limestone has been 
eroded off. At Sycamore Canyon Robinson? found red sandstone and 
shale of the Supai formation, 600 feet thick, resting upon Redwall lime- 
stone; upon the Supai formation, the Coconino sandstone, also about 
600 feet thick; and at the top the Kaibab limestone, about 325 feet 
thick and separated from the Lower Triassic Moenkopi by an uncon- 
formity. The Hermit shale was not recognized. 

Frech3 briefly described the Permian stratigraphy at Red Canyon 
(then Congress Canyon) in the Grand Canyon district. The lower 1,000 
feet of the Permian sediments consists of red sandstones and shales of 
the Supai formation and Hermit shale. Upon them lies the Coconino 
sandstone, 400 feet thick, and the Kaibab limestone, 500 feet thick. 

From the Grand Canyon district northeastward the Kaibab lime- 
stone thins. The thinning of the limestone, the writers believe, is due 


tF, L. Ransome, “Some Paleozoic Sections in Arizona and their Correlation,” 
U.S. Geol. Survey Prof. Paper 98 (1917), Pi. 25. 


2H. H. Robinson, ‘The San Franciscan Volcanic Field,” U.S. Geol. Survey Prof. 
Paper 76 (1913), pp. 22-24. 


3F. Frech, “Section in Congress Canyon opposite Point Sublime,” Congrés Géolo- 
gique International, Compte Rendu de la 5me Session (1893), pp. 476-81. 
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to a lateral gradation of the lower part of the limestone into calcareous 
sandstone, a feature which makes it difficult to determine a boundary be- 
tween the Kaibab limestone and the Coconino sandstone at some local- 
ities and which has led geologists to give differing figures for the thickness 
of the Kaibab and the Coconino sandstone. This is the condition at 
Lees Ferry, where Bryan' and Moore? assign different thicknesses to the 
two units but agree on the combined thickness as about 650 feet. The 
writers’ interpretation of the section agrees with that of Bryan. Between 
the base of the Coconino sandstone and the water level of Colorado River 
there are exposed about 500 feet of red sandstones and shales which 
include possibly the Hermit shale and part of the Supai formation. 
Northeast of Lees Ferry, Arizona, the upper part of the Permian 
sediments is exposed on the line of the section in Circle Cliffs, Utah, and 
in the San Rafael Swell, Utah. The correlation from Lees Ferry north- 
eastward must be made with reference to the Kaibab limestone. At 
Circle Cliffs the Kaibab limestone is 160 feet thick, and at San Rafael 
Swell it has thinned to 80 feet and is discontinuous. Gilluly and Reeside? 
"Kirk Bryan, cited by C. R. Longwell and others in ‘Rock Formations in the 


Colorado Plateau of Southeastern Utah and Northern Arizona,” U.S. Geol. Survey 
Prof. Paper 132 (1923), p. 16. 


?R. C. Moore in H. E. Gregory and R. C. Moore’s “Kaiparowits Region, Utah- 
Arizona,” U. S. Geol. Survey Prof. Paper (in press). 


3James Gilluly and J. B. Reeside, Jr., “Sedimentary Rocks of the San Rafael 
a 7-4 Some Adjacent Areas in Eastern Utah,” U.S. Geol. Survey Prof. Paper 150 
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state, on the authority of Girty, that the Kaibab limestone of the San 
Rafael Swell is equivalent to uppermost Kaibab (“Bellerophon”’ lime- 
stone) of the type locality. Gilbert,’ in his description of the Henry 
Mountains, a few miles east of the line of the section, does not record 
any limestone above the Coconino sandstone. In Circle Cliffs 160 feet 
of Kaibab limestone rests on nearly 1,200 feet of white sandstone with 
about 200 feet of limestone and shale near the middle, all of it probably 
to be assigned to the Coconino sandstone. In the San Rafael Swell the 
oldest rocks exposed are white to buff, massive sandstones 715 feet thick 
and containing much limestone in the lowest 40 feet. These rocks are 
correlated with the Coconino sandstone by Gilluly and Reeside. The 
log of a well? drilled in the Swell shows much more limestone and much 
less red rock than would be expected and is difficult to interpret in terms 
of the nearest exposures. There is some suggestion, however, that the 
limestone in the middle of the Coconino of Circle Cliffs is to be corre- 
lated with the limestone at the base of the exposures in San Rafael Swell. 

Nazlini Creek and Canyon De Chelly, Arizona, to the junction of 
Green and Colorado rivers, Utah (Fig. 8).—The line of this cross section 
is approximately parallel with, and east of, the line marking the eastern 
limit of the Kaibab limestone. All! the sections are in the zone where 
Permian sediments are composed of interbedded red beds and massive 
light-colored sandstones, and the line of the cross section is at right angles 
to the direction of the major changes in the lithology, though including 
some striking lesser changes. At Canyon De Chelly the Shinarump 
conglomerate rests on 800 feet of the De Chelly sandstone member of 
the Cutler formation with the base not exposed. At Nazlini Creek the 
Cutler formation includes the De Chelly, only 400 feet thick, however, 
and 600 feet of red sandy shale resting on red granite of pre-Cambrian 
age. In Gypsum Creek an unbroken series of red sandy shales and sand- 
stones, 1,500 feet thick and constituting most of the Cutler formation, 
rests on the red sandstones and shales and the marine limestones of the 
Rico formation, about 350 feet thick. The De Chelly sandstone member 
of the Cutler is about 550 feet thick in Gypsum Creek, but it thins north- 
ward rapidly, is 100 feet thick where Comb Ridge crosses San Juan River, 
and disappears entirely a short distance north of the river. Northward 
from Gypsum Creek and in the canyon of San Juan River a complete 
section of Permian strata is exposed. The Rico formation is 300-350 


1G. K. Gilbert, ‘Geology of the Henry Mountains,” U.S. Geog. and Geol. Survey 
of the Rocky Mountain Region (1877). 


2James Gilluly, “Geology and Oil and Gas Prospects of Part of the San Rafael 
Swell, Utah,” U.S. Geol. Survey Bull. 806 (1929), p. 120. 
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feet thick and rests on the Pennsylvanian Hermosa limestone. Above 
it are 1,900 feet of red sandy shales and sandstones similar to those of 
the Cutler formation in Gypsum Creek. In the midst of these red beds 
appears a series of muddy, brownish-yellow, massive, soft sandstones 
interbedded with gypsiferous shale, beds of white gypsum as much as 
50 feet thick, and some thin beds of cherty limestone. This sandy and 
gypsiferous zone, inconspicuous in a casual examination of the outcrop, 
is clearly the southeastern edge of the Cedar Mesa sandstone member, 
and the complete passage from red beds to light-colored sandstone may 
be seen from a single viewpoint. This gypsiferous and sandy series at 
Comb Ridge is about 800 feet thick. Between the base of this series and 
the uppermost marine limestone of the Rico formation are red shales 
and sandstones 250 feet thick, the relatively thin extension of the Hal- 
gaito tongue. Above the gypsiferous series are red beds about 800 feet 
thick, the beginning of the Organ Rock tongue, and, as stated above, a 
thin remnant of De Chelly sandstone. 
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On Elk Ridge near the Bears Ears the De Chelly sandstone is ab- 
sent, and the uppermost Cutler beds are red sandy mudstones, shales, 
and sandstones 350 feet thick, separated from the overlying red shales 
of the Moenkopi formation by an unconformity and resting on the Cedar 
Mesa sandstone member. The writers have no measurement of the thick- 
ness of the Cedar Mesa member at this locality, but it must be nearly 
1,000 feet thick. A few miles north of the Bears Ears in Dark Canyon 
this member rests directly upon marine limestone of the Rico formation, 
the Halgaito tongue of the Cutler having passed into the basal part of 
the Cedar Mesa member. Thirty miles north of the Bears Ears, at the 
junction of Green and Colorado rivers, the Permian strata are thinner. 
The Rico formation is 600 feet thick and is overlain by massive sand- 
stones goo feet thick, buff to white with indefinite bands of pink, and 
regularly bedded in very thick units which are cross-bedded. As noted 
in the discussion of Figure 3, the white sandstone passes entirely into red 
beds a few miles northeast of the junction of the rivers. A short dis- 
tance northeast of the junction of the rivers the uppermost 100 feet of 
the section is the White Rim sandstone member of the Cutler, and just 
beneath it coarse-grained, red to purple arkosic sandstones with some 
shale, 100 feet thick. 

Composite correlation diagram (Fig. 9).—This diagram attempts to 
show in perspective the variations in Permian stratigraphy, and serves 
to bring together into one picture the data given in the diverse cross- 
sections presented in Figures 2-8. To gain simplicity the minimum 
number of symbols has been used. All the massive, light-colored, cross- 
bedded sandstones differentiated in the various sections are shown by 
the same standard sandstone symbol. All red beds, regardless of whether 
they are sandstone or shale, are shown by the standard shale symbol. 
Limestones are shown in the usual way, and all pre-Cambrian rocks are 
shown by the symbol for igneous rocks. No attempt is made to distin- 
guish between observed and inferred conditions. The upper surface of 
the stereogram represents the Permian-Triassic boundary as a plane 
and is the datum. The vertical height of the strips is 2,500 feet through- 
out and all thicknesses are plotted proportionately. 

The Kaibab limestone becomes progressively thinner from Muddy 
Mountains (MM) and the St. George region (SG) eastward to the Bass 
Trail (BT), Circle Cliffs (CC), and Flagstaff (FL), disappearing near San 
Rafael Swell (SR), west of Monument Valley (MV), and near Holbrook 
(HB). Below the Kaibab limestone the variation in the Permian sed- 
iments is less regular except that in general the massive, cross-bedded, 
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light-colored sandstones grade into red beds from the west toward the 
east, and that the red beds, conversely, are at a maximum in the east 
and pass into non-red beds westward. The maximum thickness of the 
light-colored sandstones is in the northwest, except for the observed max- 
imum at Canyon De Chelly (CD). The red beds are at their maximum in 
southwestern Colorado. The massive limestone beds at the base of the 
sections are not differentiated as to age. At most places they are Penn- 
sylvanian, at some they are Mississippian, but they serve to show the 
base of the Permian. The red beds of the Permian overlap on pre-Cam- 
brian at three localities shown—Uncompahgre Plateau (UN), Fort De- 
fiance (FD), and at Nazlini Creek near Canyon De Chelly (CD). Three 
other places indicated are Fisher Valley (/'V), Comb Ridge (CR), and 
Zuni Mountains (ZM). 


NOMENCLATURE 


The nomenclature applied to the Permian formations in the regions 
adjacent to the Grand Canyon and in southwestern Colorado was fairly 
well stabilized about twenty years ago. On the contrary, that applied 
to the intermediate region extending from Fort Defiance northward 
through Monument Valley to the Moab district has been much confused, 
chiefly because few, if any, of those dealing with the stratigraphy of the 
region have had opportunity to follow the stratigraphic units over more 
than a small part of it. 

Grand Canyon region.—Darton' in 1910 substituted for the names of 
the subdivisions of the Aubrey group used by the earlier students in the 
Grand Canyon region (“Lower Aubrey”’ sandstone, “ Upper Aubrey” 
sandstone, and “Aubrey” limestone) the names Supai formation, Co- 
conino sandstone, and Kaibab limestone. These stood until Noble? in 
1922 redefined Supai by separating from it as an overlying unit in the 
Grand Canyon the Hermit shale, and by adding to it a lower member of 
supposed Pennsylvanian limestones formerly included in the Redwall 
limestone, but separated from the rest of the Redwall by an unconformity. 
These limestones have not yielded any invertebrates in the Grand Can- 
yon region, but on the other hand the basal Supai at Hermit Trail has 
furnished Permian plants. What relation to the strata of the Grand 
Canyon the beds in other regions may bear that do contain Pennsyl- 
vanian fossils is not yet determined, nor has the presence or absence of 


tN. H. Darton, “A Reconnaissance of Parts of Northwestern New Mexico and 
Northern Arizona,” U. S. Geol. Survey Bull. 435 (1910), pp. 25, 27, 28. 


2L. F. Noble, “A Section of the Paleozoic Formations of the Grand Canyon at the 
Bass Trail,” U.S. Geol. Survey Prof. Paper 131 (1922), pp. 59, 64. 
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Pennsylvanian in the Grand Canyon as a whole been finally determined. 
At many places the Hermit shale has not been recognized as distinct from 
the Supai, though in the Grand Canyon itself it is unconformable on the 
Supai. The Supai, Hermit, and Coconino formations have yielded many 
footprints described chiefly by Gilmore;' the basal Supai has yielded 
early lower Permian, and the Hermit shale later Permian plants;? the Kai- 
bab formation has yielded a large fauna of marine invertebrates. For 
many years the Kaibab fauna was assigned to the Pennsylvanian ‘and 
that of the overlying Moenkopi formation to the Permian, but in recent 
years the Kaibab fauna has been placed in the Permian and the Moen- 
kopi fauna in the Lower Triassic. 

Southwestern Colorado.—Cross* and his assistants several decades 
ago applied in southwestern Colorado the names ever since accepted for 
the Permian—Rico and Cutler formations. The Rico fauna‘ was first 
considered transitional between Pennsylvanian and Permian, then for 
years it was assigned to the Pennsylvanian, but in recent years it has 
been definitely assigned to the Permian. The Cutler has not yielded 
fossils but is assigned to the Permian because of its position and relation 
to the enclosing formations. 

Monument Valley and the country north and south from it.—In the 
region between that where the Grand Canyon names can be used to 
advantage an? that where the Colorado names can be used, the stratig- 
raphy is somewhat involved and the nomenclature correspondingly 
tangled. The more important areas, both because of the stratigraphic 
details observable and the more extensive literature dealing with them, 
are in Monument Valley and near Moab, Utah. 

For Monument Valley, Figure 10 shows in compact form the nomen- 
clatures that have been used and the relations between them. In the 
earlier work some local names were introduced, but mostly the investi- 

*C. W. Gilmore, “‘ Fossil Footprints from the Grand Canyon,” Smithsonian Misc. 
Coll., Vol. 77, No. 9 (1926); “ Fossil Footprints from the Grand Canyon: Second Con- 


tribution,” ibid., Vol. 80, No. 3 (1927); “‘ Fossil Footprints from the Grand Canyon: 
Third Contribution,” ibid., Vol. 80, No. 8 (1928). 


2David White, personal communication. 


3Whitman Cross and A. C. Spencer, “Geology of the Rico Mountains, Colorado,” 
U.S. Geol. Survey 21st Ann. Rept., Pt. 2 (1900), pp. 59-66. 

Whitman Cross and Ernest Howe, “Red Beds of Southwestern Colorado and 
Their Correlation,” Bull. Geol. Soc. Amer., Vol. 16 (1905), p. 461. 

Whitman Cross and others, many folios of U. S. Geol. Survey Geol. Atlas in 
southwestern Colorado. 


4G. H. Girty, “‘The Carboniferous Formations and Faunas of Colorado,” U. S. 
Geol. Survey Prof. Paper 16 (1903), pp. 252-53. Various folios of U. S. Geol. Survey 
Geol. Atlas in southwestern Colorado. 
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Fic. 1o.—Nomenclature in Monument Valley, Utah. That of southwestern 
Colorado and Grand Canyon region shown for comparison. 


gators believed they could recognize units accepted elsewhere and the ‘4 
appropriate names were applied. Even where the same names were j 
used, however, differing interpretations of the relationships of the rocks a 
led to discordant concepts of what the names meant in the local sections. 

Woodruff was the first to apply a modern terminology to the forma- 
tions, though Gregory? had described the rocks briefly a year earlier 
without using formation names. Woodruff used “Goodridge” for all 
of the interval containing fossiliferous marine limestones; Moencopie % 
(=Moenkopi) for the overlying red beds, differentiating the “Oljato ni 
sandstone member”’ at the top; and Dolores for the overlying Triassic - 
beds (Chinle of later writers). 

"E. G. Woodruff, “Geology of the San Juan Oil Field, Utah,” U. S. Geol. Survey % 
Bull. 471 (1912), pp. 76-90. 


2H. E. Gregory, “‘The San Juan Oil Field, San Juan County, Utah,” U. S. Geol. 
Survey Bull. 431 (1911), pp. 11-25. E 
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Gregory’ in 1917 accepted Woodruff’s “Goodridge” and part of his 
Moenkopi, discarding, however, the “Oljato sandstone” and substituting 
for the lower and upper parts of it the new term De Chelly sandstone and 
: the older term Shinarump conglomerate. The section then included 
Goodridge, Moenkopi, De Chelly, with Triassic Shinarump above. 

Miser? in 1923 and 1924 in three papers gave a description of the 
section, modifying considerably the previous nomenclature and recog- 
| nizing in the main the units accepted in the present paper. He adopted 


, “ Goodridge,” applied Supai(?) to a red-bed unit just above the “‘ Good- 
ridge,” and Coconino to an overlying sandstone. Neither of these units 
had been clearly distinguished by Woodruff or Gregory. Hermit shale 
, he did not recognize definitely and Kaibab limestone he considered 
‘ absent through erosion. Above the Coconino he recognized an uncon- 
f formable Triassic Moenkopi formation containing the De Chelly(?) 
: sandstone lentil near its middle, and then next above, the Shinarump 
d conglomerate. 

4 In 1924 Hager’ offered a quite different terminology. He divided 
q 


“Goodridge” into lower, middle, and upper parts, suggesting that the 

lower two are Redwall and the upper part is lower Supai. Above it he 

named a “‘Monument Valley shale,” referring it to the middle Supai. 
3 Next above he recognized a ‘‘ Lower De Chelly,” referring it to the upper 
: Supai, and an “Upper De Chelly,” which he considered Coconino. The 
g overlying rocks he divided into Kaibab limestone, Agathla shale, and 
Agathla sandstone, the latter two being new names and together equiva- 
lent to Moenkopi. Next above he recognized Shinarump conglomerate. 
It is somewhat difficult to interpret on the ground exactly what units 
are meant by Hager’s names, though probably his “upper Goodridge”’ 
is Rico; his ‘Monument Valley shale” extends from the top of the 
“Goodridge” to the base of the De Chelly of Gregory; his “Lower De 
Chelly” is Gregory’s De Chelly; and his “ Upper De Chelly,” Kaibab, 
Agathla shale and Agathla sandstone, all thin units, together are the 


"H. Ek. Gregory, “ Geology of the Navajo Country,” U.S. Geol. Survey Prof. Paper 
93 (1917), Pp. 20, 29, 32. 


~ 2H. D. Miser, quoted by C. R. Longwell and others, ‘‘ Rock Formations in the Colo- 
3 rado Plateau of Southeastern Utah and Northern Arizona,” U.S. Geol. Survey Prof. 
P Paper 132 (1923), pp. 5-10, Pls. 2, 3; “‘The San Juan Canyon, Southeastern Utah,” 
U. S.Geol. Survey Water Supply Paper 538 (1924), pp. 33-37; “Geologic Structure of 
: San Juan Canyon and Adjacent Country, Utah,” U.S. Geol. Survey Bull. 751 (1924), 
pp. 119-23. 


sDorsey Hager, “‘Stratigraphy—Northeast Arizona-Southeast Utah,” Mining 
j and Oil Bulletin, Vol. 10 (1924), pp. 137, 383. 423. 
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upper Moenkopi of Miser. Hager seems not to have separated the Co- 
conino of Miser from his “Monument Valley shale.” 

Darton’ in 1925 called the lower red beds Supai and the overlying 
sandstone Coconino, supposing it to be identical with the De Chelly of 
Gregory. He recognized a very thin Kaibab limestone above his Coco- 
nino. The overlying beds he called Moenkopi, identifying the sandstone 
in their midst as part of the “Oljeto sandstone member” of Woodruff. 
Next above he recognized Shinarump conglomerate. There is some con- 
fusion in Darton’s application of the name Coconino, but it is probable 
that he intended it to apply as stated in this paragraph. 

In the present paper the writers are abandoning the attempt to 
apply a Grand Canyon nomenclature in Monument Valley, and are in- 
troducing for the larger units the names used in the San Jaun Mountain 
region: Hermosa and Rico formations to replace “Goodridge,” and 
Cutler formation for the interval from the top of the ‘‘Goodridge”’ to 
the unconformity at the base of the Lower Triassic Moenkopi formation. 
Within the Cutler formation five members are here given names: (1) 
Halgaito tongue at the base, from Halgaito Spring, southwest of Mexican 
Hat, Utah, near which the unit is well displayed; (2) Cedar Mesa sand- 
stone member, for the unit called Coconino by Miser and Darton, but 
apparently not noted by Woodruff, Gregory, and Hager, the name being 
from Cedar Mesa, on San Juan River west of Mexican Hat, where the 
beds are well exposed; (3) Organ Rock tongue, for the red beds assigned 
to the lower Moenkopi by Miser and Darton and forming the upper 
part of the Moenkopi of Gregory and of the “ Monument Valley shale” 
of Hager, the name being derived from the fact that the beds compose the 
natural monument known as Organ Rock, lying south of San Juan River 
between Moonlight and Copper creeks; (4) De Chelly sandstone member, 
accepting that name as applied by Gregory to part of Woodruff’s “‘Oljato 
sandstone,” which is Miser’s De Chelly(?) sandstone lentil and Hager’s 
“Lower De Chelly;”’ (5) Hoskinini tongue, for the relatively thin red- 
bed unit above the De Chelly sandstone and beneath the Moenkopi, 
the name being derived from the exposures on the north face of Hoskinini 
Mesa, several miles west of Oljeto trading post on Moonlight Wash. 

In the region south of Monument Valley the Cedar Mesa sandstone 
has passed into red beds and the three lower members of the Cutler be- 
come one red-bed unit overlain by the De Chelly member. At places a 
thin red-bed unit lies above this, as at Fort Defiance. This succession 


1N. H. Darton, “A Résumé of Arizona Geology,” Univ. of Arizona Bull. 119 (1925), 
PP. 94, 110, 207; Pls. 17b, 25¢, 61a. 
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was called Moenkopi and De Chelly by Gregory;' Supai, Coconino, and 
Moenkopi by Hager? and Darton,3 though in much earlier work Darton‘ 
had called it Triassic red beds and Wingate sandstone. 

Northward from Monument Valley, Miser, Longwell, and Paige’ 
used in 1923 for the region between Colorado and San Juan rivers the 
nomenclature applied by Miser to Monument Valley—Goodridge, Su- 
pai(?), and Moenkopi formations, including in the latter the De Chelly(?) 
sandstone lentil. 

In the Moab area most of the terminology that has been applied, 
shown in Figure 11, is of fairly recent date. It has been discussed in 
some detail in a recent paper® and will be treated only briefly here. The 
Permian section at Moab itself is a duplicate of that in southwestern 
Colorado with the Hermosa, Rico, and Cutler formations, though overlain 
by the Lower Triassic Moenkopi formation. Near the junction of the 
Green and Colorado rivers the Hermosa and Rico are present, but the 
Cutler in large part passes laterally into the large sandstone called by 
Longwell and Paige? Coconino and here called the Cedar Mesa member. 
Part of it remains as red beds, the upper Cutler of this paper, considered 
by them to be lower Moenkopi. A relatively thin white sandstone at 
the very top has been called the De Chelly(?) lentil, but is here given the 
local name of White Rim sandstone, by which it is well known to many 
geologists, and is made the White Rim sandstone member of the Cutler. 
It is well shown in the White Rim, a marked bench between Green and 
Colorado rivers. The true Moenkopi was considered by Longwell and 
Paige to be only upper Moenkopi, and the beds beneath the Cedar Mesa 
sandstone, the Rico of the Moab section, were called Supai(?). 


"H. E. Gregory, op. cit., pp. 27, 32. 
2Dorsey Hager, op. cit., p. 137. 


3N. H. Darton, “ A Résumé of Arizona Geology,” Univ. of Arizona Bull. 119 (1925), 
pp. 85, 91, 110; Pls. 16, 17a, 18a, 25b, 26b, 61b-c, 62a-b, 63a-b; Figs. 30, 31. 


4Idem, ‘A Reconnaissance of Parts of Northwestern New Mexico and Northern 
Arizona,” U.S. Geol. Survey Bull. 435 (1910), pp. 35, 43, Pl. 9. 


5C. R. Longwell, H. D. Miser, R. C. Moore, Kirk Bryan, and Sidney Paige, “‘ Rock 
Formations in the Colorado Plateau of Southeastern Utah and Northern Arizona,” 
U.S. Geol. Survey Prof. Paper 132 (1923), pp. 1-25. 


6A. A. Baker, C. E. Dobbin, E. T. McKnight, and J. B. Reeside, Jr., “Notes on 
the Stratigraphy of the Moab Region, Utah,” Bull. Amer. Assoc. Petrol. Geol., Vol. 11 


(1927), pp. 785-808. 


7C. R. Longwell and others, ibid., p. 8, Pl. 2. 
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Fic. 11.—Nomenclature in the Moab district, Utah. That of southwestern 
Colorado and Grand Canyon region shown for comparison. 


Prommel' in 1923 used the name “ Moenkopi-Cutler” for the beds 
between the Rico and the Shinarump, and in 1927 he and Crum? used 
Moenkopi for the beds between the Coconino sandstone (of Longwell 
and Paige) of Cataract Canyon and the Shinarump conglomerate. They 
considered Rico and Supai(?) identical. In 1927 also Harrison’ used the 
names Rico or Supai and Cutler, dividing Cutler into Coconino, Moen- 
kopi, and De Chelly. 


1H. W. C. Prommel, “Geology and Structure of Portions of Grand and San Juan 
Counties, Utah,” Bull. Amer. Assoc. Petrol. Geol., Vol. 7 (1923), pp. 384-99. 


2H. W. C. Prommel and H. E. Crum, “Structural History of Parts of Southeastern 
Utah,” The Oil Weekly, Vol. 46 (1927). 


3T.-S. Harrison, ‘‘Colorado-Utah Salt Domes,” Bull. Amer. Assoc, Petrol. Geol., 
Vol. 11 (1927), D. 115. 
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The relations of the subdivisions of the Cutler formation north and 
south from Monument Valley are shown diagrammatically in Figure 12. 


ORIGIN OF THE PERMIAN SEDIMENTS 


No study has been made of the mineralogic composition and minute 
characters of the Permian rocks of the area dealt with in this paper, nor 
has more than casual attention been paid to the matter of sources and 
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Fic. 12.—Diagram of relations of formations north and south from Monument 
Valley. 


manner of origin of the sediments. Something may be inferred, how- 
ever, from the distribution, relative thickness, gross lithology, and fossil 
content as to the derivation and manner of deposition of the formations. 

There seems little doubt that the material of the Permian red beds 
came chiefly from the east, for they are in large part coarse arkoses in 
Colorado and eastern Utah, becoming finer grained and finally passing 
into non-red rocks westward. The lower réd beds extend farthest west- 
ward, but even they eventually pass into non-red rocks. Very probably 
the pre-Cambrian of western Colorado was the chief source of the ma- 
terials. In the eastern part of the area dealt with in this paper the red 
beds contain interbedded marine limestones in the lowest part (Rico 
formation), and the fauna preserved in them consists largely of pelecy- 
pods most closely related to those of the Permian of the Mississippi 
Valley. No similar fauna is reported in the central and western parts of 
the region, and the contemporaneous deposits there may have been en- 
tirely nonmarine. The overlying red beds (Cutler formation) contain 
little to suggest a marine origin, the types of bedding and the character 
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of the materials suggesting rather a fluviatile origin and probably rapid 
deposition. The presence of thick beds of gypsum at some localities, as at 
Comb Ridge north of San Juan River, and of layers containing casts of 
salt crystals, as at Hunter Point south of Fort Defiance, together with 
the incomplete decay of some of the minerals suggests aridity. 

Fingering into the red beds from the northwest, in the case of the 
Cedar Mesa member of the Cutler, and from the southeast in the case of 
the De Chelly member, are the light-colored, much cross-bedded and 
rather thick-bedded sandstones of very different aspect. Certainly a 
considerable part of these sandstones is water-laid, though other parts 
appear to be wind-laid over wide areas, including the well known Canyon 
De Chelly. They represent the product of more mature weathering and 
sorting, for they are chiefly of quartz. Possibly also the immediate sources 
of the material were chiefly older sediments. If the greater thickness be 
assumed to lie toward the source of the materials the Cedar Mesa mem- 
ber came from the northwest. The dominant dip of the planes of the 
cross-bedding accords with this. On this assumption, and also judging 
from the direction in which it fingers out, the De Chelly member came 
from the southeast, though its maximum thickness, at Canyon De Chelly, 
appears more or less isolated and possibly its source is really the same as 
that of the other light-colored sands. The Coconino sandstone of the 
Grand Canyon region, very much like the Cedar Mesa and De Chelly sand- 
stones and probably of like origin, thins northwestward and westward be- 
tween the overlying Kaibab limestone and the underlying red beds, but at 
the same time the red beds (Hermit and Supai formations) acquire non- 
red members progressively until in southwestern Utah and eastern Nevada 
the red coloring is nearly lost and the interval between the Pennsylvanian 
and the Kaibab limestone is all thick, light-colored, cross-bedded sand- 
stone. Schuchert,' on the basis of the dominant southerly or southeast- 
erly dip of the planes of cross-bedding, postulated a northern or north- 
western source for the Coconino in spite of its thinning in that direction. 
It seems to the writers highly probable that all of the light-colored sand- 
stones came from the north or northwest. 

The Kaibab limestone has its maximum thickness in the west, in 
southwestern Utah and eastern Nevada. It contains, however, several 
members of soft, gypsiferous shale, gypsum, and sandstone that indicate 
important interruptions in the deposition of the massive limestone more 
characteristic of the formation. Eastward and southeastward it thins, 


1Charles Schuchert, ‘‘On the Carboniferous of the Grand Canyon of Arizona,” 
Amer. Jour. Sci., Ser. 4, Vol. 45 (1918), p. 340. 
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nearly at the rate at which the Coconino thickens, until only a remnant 
is left, this remnant being uniformly the highest Kaibab, long called the 
“Bellerophon limestone.’’ In a sense the thick Kaibab of the west 
changes bed by bed into the thick Coconino of the east, and the Coconino 
in turn changes farther east into the red beds of the Cutler. No marine 
fauna comparable to that of the Kaibab in composition is known in 
southeastern Utah, southwestern Colorado, or northeastern Arizona, 
except that reported in a very thin limestone on Moonlight Creek by 
Darton. The writers did not succeed in rediscovering this locality, but 
it probably represents a brief eastward extension of the sea in early Kai- 
bab time. The Chupadera formation of northwestern New Mexico, 
with its fauna of Kaibab aspect, must connect by some route south of 
the area here discussed with the Kaibab of the Grand Canyon region. 
The Kaibab fauna is said to be of Asiatic relationships and not closely 
related to any known farther east. Apparently the Kaibab sea came in 
from the west or southwest. 

In brief, the Permian sediments of northern Arizona, southern Utah, 
southwestern Colorado, and northwestern New Mexico seem to present 
a picture somewhat as follows. A large area was receiving red sediments 
from the east, probably borne by rivers from granitic highlands, the cli- 
mate more or less arid. Into the eastern part of this region there came a 
few incursions of an eastern sea, bringing with them the deposition of 
limestone. On the extreme western margin light-colored sands were 
brought in by streams. As time went on the light-colored sands came 
in from the whole northwestern margin, extending farther and farther 
out into the area and displacing the red sediments. At places the sands, 
including parts of the Coconino, Cedar Mesa, and De Chelly, were re- 
worked by the wind. Then a western sea began to send its waters from 
the west or southwest and, as it advanced, the zone where the light-colored 
sands prevail advanced ahead of it, though in the extreme eastern part the 
red sediments continued to be deposited. Finally, and practically at its 
maximum, the sea was withdrawn and the area was subjected to the 
period of erosion represented by the unconformity at the base of the 
Moenkopi formation. What the length of this period may have been is 
indeterminable from the region itself and must eventually be gauged by 
other regions where the gap between the Permian and the Lower Triassic 
is more or less bridged. 
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SOME APPLICATIONS OF THE STRAIN ELLIPSOID: 


THEODORE A. LINK? 
Calgary, Alberta, Canada 


ABSTRACT 


The strain ellipsoid is a solid or a three-dimensional conception, and its application 
should be made with that fact in mind. The angle-relationship between the axis of 
compression and the planes of no distortion is dependent upon the relative lengths of 
the three principal axes. Shear planes manifested as intersecting lines in the horizontal 
indicate that the greatest elongation was not upward but lateral. Parallel lines of 
shear in the horizontal suggest that the greatest elongation was upward. An applica- 
tion of the imaginary strain ellipsoid is made to an experimentally deformed mass as 
well as to regional structure. 


INTRODUCTION 


In his text book Structural Geology C. K. Leith? devotes about six 
pages to a description of the strain ellipsoid and its use in describing the 
relationship between stress and strain. He also gives a simple device for 
a two-dimensional illustration “of the ellipsoid through the plane of 
greatest and least axes of strain’’—the well-known wire-netting model. 
He is careful to warn the student that 
the model, of course, shows only the cross-section of the ellipsoid through the 
plane of the greatest and least axes of strain. It does not show the position of 
the mean axis. Great care must be taken, in this as in other two-dimensional 
representations of deformation, to keep clearly in mind the relationship between 
the cross-section and the third dimension. 


The present writer believes that many students have not taken heed of 
this warning; consequently, they have made misapplications of the 
strain ellipsoid by considering it merely as a strain ellipse. 

The relationship of the hypothetical planes of no distortion or planes 
of shear, with respect to the three mutually perpendicular axes of any 
given strain ellipsoid, is absolutely definite (Fig. 1). The two planes of 
no distortion intersect each other along a line which includes the inter- 

‘Manuscript received by the editor, July 13, 1929. 


The writer is indebted to R. T. Chamberlin, of the University of Chicago, for 
helpful criticisms. 


2Imperial Oil, Ltd. 


3C. K. Leith, Structural Geology. Revised Edition, pp. 21-27. Henry Holt and 
Company (1923). 
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Fic. 1.—Illustrating the three principal axes of an ellipsoid. A-A, axis of greatest 
elongation; C-C, axis of compression; B-B, axis of intermediate elongation or com- 
pression. The planes of no distortion intersect along the B-B axis, and represent the 
only two circular sections through the ellipsoid. 


mediate axis (B-B), and these planes of no distortion represent circular 
sections through the ellipsoid whose diameters equal the length of the 
intermediate axis (B-B). This must always be the case if there are three 
unequal axes. In this discussion the longest axis will be referred to as 
the A-A axis, the intermediate the B-B, and the shortest the C-C axis' 
(Fig. 1). 

A prolate spheroid, in which the A-A and B-B axes are equal in 
length, has only one plane of no distortion which includes within it these 
two longer equal axes. Likewise, an oblate spheroid, in which the B-B and 
C-C axes are equal, can have only one plane of no distortion which in- 
cludes within it the two shorter equal axes. 


‘A clear understanding of the properties of an ellipsoid is necessary before it can 
be applied to structural problems. An excellent means of becoming thoroughly ac- 
quainted with the properties of an ellipsoid is the drawing of ellipses of various dimen- 
sions and constructing models which include the principal axes and the planes of no 
distortion in their proper relative positions. Mathematical formulae, giving the vol- 
ume of a sphere and an ellipsoid as well as the eccentricity and ellipticity of an ellipse, 
should also be understood. Due to the writer’s reluctance to use mathematical for- 
mulae in the field of structural geology none is incorporated in the text of this paper. 
The reader can find such information in the elementary text books on this subject. 
The major part of this paper consists merely of a graphic presentation of thése formu- 
lae. It is obvious that in considering a given sphere deformed into an imaginary ellip- 
soid, the two must be of equal volume; consequently, the problem becomes quantitative. 
Such applications are, in the writer’s opinion, not practical in structural geology at 
present, since they would require a knowledge of the relative, as well as the absolute 
magnitude of the forces involved. 
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A condition in which the A-A and B-B axes are equal (a prolate 
spheroid) could arise from compressive forces parallel with the C-C axis 
with an equal relief of stresses along the two equal axes, A-A and B-B. 
Expressed in another way, it would amount to a lateral elongation or 
relief equal to the upward relief of stresses. In this case, the one plane 
of no distortion or shear lies perpendicular to the C-C axis, if non-rota- 
tional compression caused the deformation. 

These two cases seem rather improbable conditions in nature, though 
not impossible. The three principal axes of strain are ordinarily un- 
equal. In non-rotational compression the shortest axis (C-C) is alsc 
termed the axis of compression, while the longest axis (A-A) is the axis 
of elongation, and the intermediate axis (B-B) is either that of lesser 
elongation or lesser compression (Fig. 1). 


REGIONAL APPLICATIONS 


If it is assumed that the Rocky Mountains of the western United 
States and Canada were caused by non-rotational compression, it seems 
most reasonable to assume a regional application of the strain ellip- 
soid to be somewhat as follows. The axis of compression (C-C) should 
strike northeasterly and southwesterly, which is at right angles to the 
trend of the range. The intermediate axis (B-B) should strike north- 
westerly and southeasterly, or parallel with the range, and the axis of 
elongation should stand perpendicular to the surface. (See upper part 
of Figure 2.) If such is the case, the planes of no distortion or shear, 
which intersect along the intermediate axis (B-B), would strike north- 
westerly-southeasterly. This is evidenced by the trend of the folds and 
faults of this mountain chain. Irrespective of whether the B-B axis is 
one of lesser compression than along C-C, or lesser elongation than along 
A-A, such a position of the strain ellipsoid appears to be the correct 
application. This application of the strain ellipsoid to a mountain range 
has already been made by Chamberlin,’ who used it in an analysis of the 
Appalachian Mountain structures. In cross section the planes of no 
distortion would appear as intersecting shear planes, as presented in 
the wire netting model of the strain ellipse. 

The object of the preceding discussion is merely to point out that in 
applying a strain ellipse to a mountain chain, caused by surficial com- 
pressive forces, one must use in the horizontal plane that plane of the 
ellipsoid which includes within it the B-B (intermediate) and the C-C 


*R. T. Chamberlin, “The Strain Ellipsoid and Appalachian Structures,” Jour. 
Geol., Vol. 36, No. 1° (1928). 
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Fic. 2.—Block diagram illustrating regional applications of the strain ellipsoid 
near the surface and at depth. Compressive forces operative as indicated by the 
arrows. At or near the surface the greatest relief of stresses is upward; therefore, the 
axis of greatest elongation (A-A) stands perpendicular. The intermediate (B-B) axis 
lies in the horizontal, and coincident with it is the intersection of the planes of no dis- 
tortion, so that these appear, in the horizontal, normal to the axis of compression, but 
in cross section they appear as intersecting lines. 

At depth the A-A axis of greatest elongation lies in the horizontal, so that the 
planes of no distortion stand perpendicular in cross section and appear as intersecting 
lines in the horizontal. (The ellipses in the horizontal are distorted due to the per- 
spective.) 


(shortest) axes, and not the A-A axis of greatest elongation. The latter, 
(the A-A axis) together with the C-C axis, lies, in this case, in the plane 
of cross section. 

The statements just made are, of course, not applicable to all areas. 
There are, without any doubt, regions where intersecting planes of no 
distortion or shear have been observed in the horizontal. (See Figure 2, 
lower part.) In applying the strain ellipsoid to such a condition it is 
obvious that in the horizontal plane lie the axis of greatest elongation 
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(A-A) and the axis of compression (C-C), and that the intermediate 
axis (B-B) stands vertical or perpendicular to the surface. This neces- 
sarily implies that the greatest relief of stresses was not upward, but 
horizontally or laterally along the A-A axis, while the intermediate relief 
of stresses was vertical. Consequently, the strain ellipse, applied in cross 
section, would show lines of no distortion or shear standing vertical and 
parallel with one another. Becker’ called attention to this fact many 
years ago, but some current applications of the strain ellipsoid lead one 
to believe that the subject has not been sufficiently analyzed. 

Conditions giving rise to systems of intersecting lines of undeniable 
shear in the horizontal plane seem unlikely to occur near the surface. 
When tangential compressive forces, such as apparently gave rise to 
most of the folded mountain systems, are operative, the greatest relief 
should be upward, and therefore the A-A axis must stand perpendicular 
to the surface, as was explained by Chamberlin in connection with the 
Appalachian Mountains. At depth, approaching the zone of flowage, one 
could visualize the conception that the greatest relief to tangential com- 
pressive forces may be lateral, because upward relief of stresses might be 
more difficult on account of the overlying weight of rock. Here, then, one 
would expect to find planes of no distortion or shear intersecting in the 
horizontal which appear as perpendicular and parallel lines in cross sec- 
tion. (See lower part of Figure 2.) If this reasoning is correct, it should 
be possible to determine whether a given area was deformed at great depths 
or near the surface. In doing so, the observer must be able to distin- 
guish planes of shear from joint planes which have a different origin. 

The possibility of conditions in which the three mutually perpen- 
dicular axes of the imaginary strain ellipsoid stand neither perpendicular 
nor horizontal to the surface, must also be regarded as an important 
consideration in its application and the possibility that such may have 
been the fact for the Appalachian and Rocky mountains is worthy of 
consideration. Such possibilities may exist irrespective of whether the 
stresses were rotational or non-rotational. 


STRAIN ELLIPSOID AN IMAGINARY CONVENTIONAL FORM 


The strain ellipsoid is an imaginary and conventional form, as ex- 
plained clearly by Leith.? 


'G. F. Becker, ‘‘ Finite Homogeneous Strain, Flow and Rupture of Rocks,” Bull. 
Geol. Soc. Amer., Vol. 4 (1893), p. 50. 


It was suggested that the “stretched pebbles” of Appalachian cong!omerates be 
considered as an example. This would necessitate the assumption that all these peb- 
bles were originally perfect spheres and that they now answer the mathematical. de- 
scription of perfect ellipsoids. 
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It is sometimes convenient to describe “strain” and the relationships be- 
tween “strain” and “stress” in terms of a conventional form known as the 
strain ellipsoid. Any imaginable sphere of a solid body, when deformed in a 
single homogeneous strain, becomes a strain ellipsoid. 


The writer knows of no example of a hand specimen of a strain ellip- 
soid found or observed in the bed rock of the earth, nor an example of 
one produced in the laboratory. Farther on Leith" states: 

Where we know the directions of elongation and shortening in a rock, we 


can conceive of these in terms of the strain ellipsoid, and thus visualize the 
deformation which the rock has undergone. 


The application of the strain ellipsoid to any given structural prob- 
lem proves or solves nothing in particular. It is merely an aid to 
visualizing structural conditions. In a recent article Stark" applied the 
strain ellipsoid and after doing so claimed that 
Hartmann’s Law, indicating that for brittle substances the direction of greatest 


compressional stress bisects the acute angles of the joints, does not seem 
app'icable here. 


Irrespective of whether Hartmann’s law is applicable or not in 
that area, the application of the strain ellipsoid neither proves nor dis- 
proves it. By applying the strain ellipsoid as he did, Stark merely in- 
dicated his interpretation of structure. Farther on Stark states: 

The orientation of the ellipsoid would, in either case, lie with its longest axis in 
general parallel to the almost vertical dip of the bedding in the sediments, and 


its least axis at right angles to the trend of,the folds. (The italics are the 
writer’s.) 


Nevertheless, on his map he shows intersecting shear lines in the hori- 
zontal plane, which is an impossibility if “the longest axis lies parallel to 
the almost vertical dip of the bedding.” He used the term “ellipsoid” 
but made no mention of the intermediate axis. Therefore, by examining 
his map, one is led to believe that the longest axis lies in the horizontal, 
and the intermediate axis stands vertical. By using the ellipse, as he did 
on his map, with the longest (A-A) and shortest (C-C) axes lying in the 
horizontal, one must necessarily conclude that the greatest elongation 
was regarded as lateral and the lesser elongation was upward and 
vertical. To be brief, the text of his paper does not correspond with 
the map as far as the application of the strain ellipsoid is concerned. 


1C. K. Leith, Structural Geology. Revised Edition, Henry Holt and Company 
(New York, 1923), pp. 21-22. 


2J. T. Stark, “The Primary Structure of the Kekequabic Granite,” Jour. Geol., 
Vol. 35, No. 8 (1927), pp. 731-32. 
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On a photograph of an experimentally produced structure, Brown' 
drew an ellipse and explained: 

“The white ellipse represents the strain ellipsoid,” but here again 
no mention was made as to what particular cross section of the strain ellip- 
soid this ellipse was intended to represent. Was it the A-A andC-C axes, 
or the B-B and C-C axes represented in the horizontal? It makes a very 
great difference which cross section of the ellipsoid it is supposed 
to represent. On the opposite page of the same article Brown stated: 

The long axes of the folds and strike of the thrust faults were parallel to 


the long axis of the strain ellipsoid, while the strike of the normal faults was 
parallel to the short axis of the strain ellipsoid. 


After reading the preceding and following part of the text, the writer 
must admit his failure to see any simplification of the problem 
by an application of the strain ellipsoid. There is no imaginable 
strain ellipsoid in which the planes of no distortion include, or lie parallel 
with, all three axes. The planes of no distortion must always intersect 
along the intermediate (B-B) axis and lie at varying angles with respect 
to the longest and shortest axis. The two exceptions to this rule (the 
oblate and prolate spheroid) have already been mentioned as occurring 
when two of the axes are equal, and in both these types of spheroid there 
is only one plane of no distortion (page 1450). 

The strain ellipse was also applied by Foley’ in the horizontal plane 
to explain the origin of the en echelon faults and related structures in 
north-central Oklahoma. On the map accompanying his article he drew 
a figure representing the strain ellipse; the line C-C was termed, “the axis 
of compression,” and T-T, “the axis of elongation.” No mention was 
made of the intermediate axis; therefore, one must assume that the ap- 
plied ellipse represents the cross section of the strain ellipsoid in which 
lie the shortest and longest axes. This is confirmed by further reading 
of the article where it is pointed out that the N. 40° W. trending tension 
fractures and the NE.-SW. oriented folds are regarded as manifestations 
of the planes of no distortion. If such is the fact, then the intermediate 
axis B-B stands vertical or perpendicular to the surface and the greatest 
elongation was laterally NE.-SW., while the lesser elongation was up- 
ward; therefore, the structures of Osage and Creek counties were, accord- 
ing to Foley’s strain ellipsoid application, produced at considerable depth 


*R. W. Brown, “Experiments Relating to the Results of Horizontal Faulting,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 12, No. 7 (July, 1928), Fig. 1, p. 710. 


3L. L. Foley, ‘‘The Origin of the Faults in Creek and Osage Counties, Oklahoma,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 10, No. 3 (March, 1926), pp. 293-303. 
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wherg upward relief was less than the lateral relief of stresses (Fig. 2). 
In this particular situation it seems extremely doubtful. 


EXPERIMENTAL EVIDENCE 


Whether or not it would be possible to deform a perfect sphere of 
homogeneous material by compression into a true strain ellipsoid with the 
planes of no distortion and the three axes in their proper place remains 
to be demonstrated. Theoretically it should be possible. The writer 
deformed spheres of plaster of Paris by compression between two push- 
blocks, as illustrated in Figure 3, but no true strain ellipsoid resulted, nor 
did the planes of shear develop so that the direction of greatest compres- 
sional stress bisected the obtuse angles of the shear planes. These re- 
sults, as well as practically all experiments in which cubes of homogeneous 
materials are subjected to compression, seem at variance with the cur- 
rent conception of the strain ellipsoid. 


Fic. 3.—Sphere of plaster of Paris deformed by non-rotational compression. 

(a) Nature of compressive forces applied from left. Notice that the deformed 
sphere is not an ellipsoid. : 

(b) Cones of shear with planes close to 45° with respect to axis of compression. 
F (c) End view of deformed sphere showing three tension fissures developed at 
regular intervals. 
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In 1926-27 a series of more than fifty experiments was performed by 
the writer’ in the structural geology laboratory at the University of Chi- 
cago. Various types of pressure boxes were employed and the manner 3 
of pressure application also varied. In only one of these experiments was 
an application of the strain ellipse in the horizontal plane, including the 
axis of elongation (A-A) and the axis of compression (C-C), feasible. In 
all other tangential compression experiments the strain ellipse in the 
horizontal plane included the intermediate (B-B) axis and the (C-C) a 
axis of compression. That such must be the fact in an ordinary pressure i 
box, commonly used by experimenters, is quite obvious, since confining 
walls allow no horizontal spread, so that nearly all relief of stresses must 
be upward. Although the writer applied compressive forces and built 
some of the apparatus in such a manner as to allow a lateral spread or 
relief of stresses, in only one experiment was it sufficient to cause a develop- 
ment of shear planes appearing as intersecting lines in the horizontal.’ 


a 
DEFORMATION OF A CYLINDER CONTAINING ARTIFICIAL SEDIMENTS 
A cylinder made of tin was filled with artificially prepared sediments 
as shown in Table I. ; 
TABLE I 
EXPERIMENT No. 29 (APPARATUS “D”’) 
Record of Sediments _ 
Kind of Material and Proportions in Kilo-| Weightin | Thickness in a 
Stratum grams Kilograms | Centimeters < 
Overburden None 
Clay No. |Plastic blue mud (clay) 2.75 
Mixed with cement 0.40 3.15 4.60 
Petrolatum /|Petrolatum 
No. 2 Tease) 0.23 0.23 ©.40 
Clay No.1 |Plastic blue mud (clay) 2.75 } 
Mixed with cement ©.40 3.15 3.50 
Petrolatum /|Petrolatum 
0.1 (grease) 0.23 0.23 ©.50 
Sand No.1 /|Sand 5.20 
Mixed with cement 1.00 
and water 2.90 9.10 6.50 
Total 15.86 15.50 : 
?Theodore A. Link, “Three-Dimensional Experiments in Earth Deformation,” 5 


Univ. of Chicago Abstracts and Theses, Science Series, Vol. 5 (1926-27), pp. 277-81. 


2Idem, “The Origin and Significance of ‘Epi-Anticlinal’ Faults as Revealed by 
Experiments,” Bull. Amer. Assoc. Petrol. Geol., Vol. 11, No. 8 (August, 1927), pp. 
853-66. 
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Notice that the total thickness of the plastic material was 9.00 
centimeters, and that of the cemented sand 6.50 centimeters. 

After deposition of the uppermost layer the cylinder was photo- 
graphed from above, as shown in Figure 4. Before the plastic clay layers 
had an opportunity to solidify, pressure was applied against one side by 
means of a jack-screw and a board, while the opposite side was placed 
against a resisting wall, as shown in Figure 5. Incipient shear planes 
were already noticeable at this stage. Further compression developed 
larger and more numerous shear planes. The sideward extension, or 
lateral spread of the mass, was evidently greater than the vertical or 
upward relief, as evidenced by the shear planes manifested as intersecting 
lines in the horizontal strikingly shown in Figure 6. Tension was also 
operative, as indicated by the gaping of these planes. Further compres- 
sion accentuated the already developed features, as shown in the final 
stage in Figure 7. The amount and nature of deformation is summarized 
in Table II. 


TABLE II 
Centimeters 
Original diameter of cylinder.................. 26.0 
Compressed diameter of cylinder.............. 11.8 (C-C axis of strain ellipsoid) 
Amount of compression.................. 14.2 
Elongated diameter of cylinder. ............... 35.0 (A-A axis of strain ellipsoid) 
Amount of 9.0 
Thickness of sediments before application of pres- 
Thickness of sediments after application of pres- 
sure (at center of uplift only)............ 23.1 (B-B axis of strain ellipsoid) 
Total average uplift in center............. 7.6 


The figures in Table IT show clearly that the vertical rise of the de- 
formed mass was less than the lateral spread; consequently, an applica- 
tion of the strain ellipsoid, in this particular case, would require that the 
longest axis A-A (greatest elongation) and the shortest axis C-C (com- 
pression) should lie in the horizontal plane, and the intermediate axis 
B-B (in this case intermediate elongation) must stand vertically, as 
shown in Figures 7 and 8. That this was to be expected is evident from 
the nature of the pressure application, the nature of the materials used 
as sediments, and the absence of any appreciable resistance to their 
lateral spread. In nature deformation of this kind should be expected 
at depths below the surface at which a considerable overburden pre- 
vents an unhindered vertical rise and where plastic or semi-plastic con- 
ditions of the rocks should encourage a lateral spread or relief of compres- 
sive forces. (See lower part of Figure 2.) 


j 
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Fic. 4.—Top view of cylinder to be deformed by compression from lower side. 
Sediments deposited in cylinder given in Table I. Scale represents 15 centimeters. 


Fic. 5.—Top view of same cylinder as in Figure 4, after slight compression. No- 
tice the incipient shear planes. 


; 


Fic. 6.—Top view of same cylinder as in Figures 4 and 5, after additional compres- 
sion. Intersecting shear planes are conspicuously developed and show gaping due to 
tension. 


Fic. 7.—Final stage of deformed cylinder. The amount of compression, elonga- 
tion, and vertical rise is given in Table II. The intersecting shear planes are clearly 
shown. A-A represents the axis of greatest elongation and C-C, the axis of compression 
of the imaginary strain ellipsoid. 
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Fic. 8.—Cross section cut through C-C axis of deformed cylinder illustrated in 
Figure 7. Notice the apparent thrust fault in left figure which is same as normal fault 
in right figure. The two figures represent the same cross section on opposite sides of 
saw blade used to cut the section. B-B represents the intermediate axis and C-C the 
axis of compression of an imaginary strain ellipsoid. Scale equals 15 centimeters. 


A cross section cut through this deformed mass is illustrated in Fig- 
ure 8. On the basis of the strain ellipsoid one would expect to find lines 
representing essentially vertical shear planes in this cross section, but 
apparently none is to be observed. This is, however, only apparent. 
The displacement in the upper dark grease layer appears on the left in 
Figure 8 to be along an inclined plane (a thrust fault). In reality, how- 
ever, it is due to a horizontal displacement along a true vertical shear 
plane, as evidenced by the same shear plane on the right in Figure 8. 


POSITION OF PLANES OF NO DISTORTION AND NATURE OF MATERIALS 


At the beginning of this article it was stated that if the C-C and B-B 
axes are equal (an oblate spheroid) there can be only one plane of no 
distortion including within it these two axes of equal compression. Fur- 
thermore, if the A-A and B-B axes are equal (a prolate spheroid) there 
is also only one plane of no distortion which includes the two axes of 
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equal elongation. Further consideration of the problem should lead to 
an understanding as to where the planes of no distortion must lie in an 
ellipsoid when no two of the axes are equal. It is obvious that if the in- 
termediate B-B axis is only slightly longer than the C-C axis of compres- 
sion, but considerably shorter than the A-A axis of greatest elongation, 
the planes of no distortion should lie so that the C-C axis will bisect a 
small acute angle made by these planes, as shown in Figure 9. Likewise, 
if the intermediate B-B axis is only slightly shorter than the A-A axis of 
greatest elongation, but considerably longer than the C-C axis of com- 
pression, the planes of no distortion should lie so that the C-C axis 
bisects a large obtuse angle made by the planes of no distortion, as shown 
in Figure 9. In fact, one can figure mathematically or graphically 
exactly where the planes of no distortion must lie with respect to the 
axis of compression if the lengths of the three axes are known. This 
should make it clear that an ellipsoid can have the planes of no distortion 
in a position in which the angle made by their intersection is a right 
angle only when a definite ratio exists between the three principal axes. 
The same is true for any other given angle. This may be stated much more 
simply as follows: The angle of intersection of the planes of no distortion 
is dependent upon the relative lengths of the three axes. Consequently, it 
should be possible to produce, by simple non-rotational compression, an 
imaginary ellipsoid in which the axis of compression bisects either an 
acute or an obtuse angle of the intersecting planes of no distortion. This 
being true, it is necessary to discard the current conception" that 

In non-rotational strain the planes of maximum shear are theoretically 


45° to the direction of greatest pressure, which is also the axis of most shorten- 
ing or least axis of strain. 


The fact that this statement is not entirely true is explained farther on 
by Leith as follows: “Actually, because of internal friction, they are 
usua!ly at smaller angles to this direction.”” This reference to friction 
does not seem adequate and further inquiry into this matter is desirable. 
An examination of numerous experiments described by previous invest- 
gators, as well as of those performed by the writer, shows most conclusively 
that in most cases the axis of compression bisects the acute angle of the 
intersecting planes of shear (Figs. ro and 11). The reason for this is not 
far to seek, as already pointed out. In an ordinary pressure box the 
greatest elongation is upward, while the confining sides prevent any ap- 
preciable lateral elongation. The difference in length between the A-A 


1C. K. Leith, of. cit., p. 20. 
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Fic. 9.—Illustrating how the position of the planes of no distortion in a strain 
ellipsoid are dependent upon the relative lengths of the three principal axes. A-A rep- 
resents the axis of elongation. As the B-B axis approaches the value of C-C, the axis 
of compression bisects an acute angle of the planes of no distortion; as the B-B axis 
approaches the A-A axis in length, the axis of compression bisects an obtuse angle. 
This must be true, since the planes of no distortion intersect along the intermediate 
B-B axis and represent circles whose diameter equals the length of the intermediate 
axis. The axes are indicated by dotted lines, and the planes of no distortion by full 
lines. As these planes include the B-B axis, it is shown by a full line. 
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Fic. 10.—Non-rotational compressive forces giving rise to shear planes developed 
at an angle less than 45° to the axis of compression. Compressive forces applied from 
right, as indicated by the arrows. 


and B-B axes is considerable, but the difference between the B-B and 
C-C axes is relatively small. In consequence, one would expect the planes 
of no distortion to lie close to the C-C axis of compression and more dis- 
tant from the A-A axis of elongation. The result is, therefore, a bisecting 
of the acute angle of the planes of shear by the axis of compression. One 
might, on first thought, conclude that prolonged compression of rigid 
material should cause the C-C axis to become much shorter than the 
intermediate B-B axis, and that extreme compression should give rise 
to shear planes inclined at high angles so that the axis of compression 


Fic. 11.—Non-rotational compressive forces applied from opposing sides, giving 
rise to intersecting shear planes developed at an angle considerably less than 45° to 
the axis of compression. (Illustration taken from Chamberlin’s Figure 5, page 763, 
“The Wedge Theory of Diastrophism,” Jour. Geol., Vol. 33 (1925), No. 8). 
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intersects the obtuse angle. This, however, is not always the fact because 
another factor must be considered, namely, the nature of the material. 

Experiments have shown that plastic material will not fracture 
until it has undergone considerable change in shape by compression, 
while rigid material ordinarily fractures after very little compression. 
Hartmann concluded that in rigid material the axis of compression bi- 
sects the acute angle of the planes of shear. This seems reasonable when 
one remembers that the fracturing of brittle materials takes place before 
there has been much change in shape—or when the intermediate axis is 
not much greater than the axis of compression. On the other hand, 
plastic material has to undergo considerable change in shape, so that 
the axis of compression is relatively much shorter than the intermediate 
axis before shearing takes place. Consequently, it is reasonable to con- 
clude that in plastic material the axis of compression will bisect the obtuse 
angle of the planes of shear. 

The foregoing analysis points decidedly toward a harmonous 
agreement between Hartmann’s Law and a correct conception of the 
strain ellipsoid. It shows that an imaginary strain ellipsoid can be pro- 
duced by non-rotational compression in which the C-C axis of compres- 
sion may bisect an angle as low as 3° or as high as 180°. Further- 
more, it raises serious question regarding the current conception that 
when the axis of compression bisects a high obtuse angle the stresses 
which caused the strain were rotational. Regarding this problem the 
writer hopes to give additional discussions in a later article. 


CONCLUSIONS 


In applying the strain ellipsoid to structural problems, students are 
reminded that it is a three-dimensional conception which should be kept 
clearly in mind. Furthermore, its application is a means whereby the 
student commits himself regarding his conception of the nature of the 
material deformed as well as the resulting strain and the stresses which 
caused it. 

The use of the strain ellipse is to be discouraged unless definite 
mention is made as to what cross section of the strain ellipsoid it is in- 
tended to represent. 

The angle at which the planes of no distortion will develop in a given 
mass is dependent upon the nature of the material and the relative amount 
of relief along the axes of elongation. The absolute amount of compres- 
sion is not the controlling factor. Brittle and rigid material will develop 
relatively low planes of shear with very slight compressive forces and 
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will keep on developing them with the same definite angle relationship 
after prolonged application. Plastic material will not shear until pro- 
longed application of compression, but after shearing has once commenced 
it will also be with the same definite angle relationship peculiar to the 
material in question, as demonstrated by Hartmann and so well under- 
stood in engineering practice. In rigid material the axis of compression 
normally bisects an acute angle of the planes of shear, while in plastic 
material an obtuse angle is bisected by the axis of compression. 

Intersecting shear planes in the horizontal suggest deep-seated com- 
pressive forces, and intersecting shear planes in cross section indicate 
surficial tangential compression. 

Finally, the application of the strain ellipsoid is to be regarded only 
as a convenient means whereby a given structural condition is made 
understandable. Its application proves nothing, but merely indicates a 
structural interpretation. 
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ACTION OF ORGANIC ACIDS UPON LIMESTONE' 


A. N. MURRAY? and W. W. LOVE? 
Tulsa, Oklahoma, and Urbana, Illinois 


ABSTRACT 


An attempt is made to estimate the effect on limestone of organic acids, developed 
as a result of bacterial decomposition of plants. Experimental evidence shows that, 
under favorable conditions, these acids may be the most effective solvents of limestone 
that exist in nature. They are particularly active in the development of porosity. 


It has long been known that humus acids are factors in the chemical 
weathering of rocks, but little work has been done in determining the 
amount and kinds of acid which are available for this kind of weathering. 
M. M. Leighton’ demonstrated that aérated distilled water had a greater 
solvent action on calcite after it had been filtered through peat than it 
had in the absence of organic matter. Soils high in organic material 
become acid to such an extent that certain crops can not grow, and it is 
known that if the waters from bogs and acid soils pass through calcareous 
sediments, solution will take place. 

In forested regions the large amount of humus which accumulates 
on the tops of hills, on slopes, even though steep, and in valleys, is capa- 
ble of producing a plentiful supply of organic acid by bacterial decom- 
position. These acids, when carried into the limestone below by down- 
ward percolating meteoric waters, will have the same effect as carbonic 
acid in developing cavernous and porous conditions in limestone. 


ORGANIC ACIDS 


There are in nature two groups of organic acids which may act as 
solvents of limestone. The first group is composed of acids which are 


tManuscript received by the editor, July 30, 1920. 

This paper contains preliminary results obtained in an investigation of limestones 
and dolomites as reservoir rocks, listed as Project No. 23 of the American Petroleum 
Institute Research. Financial assistance in this work was received from a research 
fund donated by the Universal Oil Products Company to the American Petroleum 
Institute. This fund is being administered by the Institute with the codperation of 
the Central Petroleum Committee of the National Research Council. 


American Petroleum Institute Research Assistants. Introduced by W. V. 
Howard. 


3Personal ‘communication. 
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produced by the plant during its growth and which are leached out after 
the plant dies. In the second group are acids produced by the bacterial 
decomposition of such plant materials as cellulose, hemicelluloses, pectin, 
and gums. 

Thatcher’ considers that in the first group, formic acid is probably 
one of the most plentiful and the most widely distributed of all of the 
free plant acids, that acetic, propionic and butyric acids are also found 
in many plants and are characteristic of certain species, and that oxalic 
acid is found in large proportions in some plants and in small amounts in 
nearly all. Fumaric acid, according to Holleman,? is somewhat widely 
distributed in the vegetable kingdom. Succinic} and malic acids are found 
in many fruits and vegetables, and tartaric acid only in fruits. Citrous 
fruits contain large amounts of citric acid,‘ while the seeds of the common 
leguminous vegetables also contain small amounts. Tannic acid, 
which is produced commercially from oak bark, is widely distributed 
throughout the vegetable kingdom. 

We do not know the quantities of these acids that are produced 
every year, or what percentage of these goes into the ground water, but, 
considering the vegetation which is, and was in past ages, present on the 
earth, we can reasonably believe that the quantity of organic acids 
formed annually amounts to many tons per square mile. Although these 
acids are not stable and would be oxidized within a few days under the 
influence of the atmosphere, it is highly probable that they do remain 
stable long enough to permit the solution of a considerable amount of 
limestone. 

In the second group of acids, namely, those which are the product 
of bacterial decomposition, acetic and butyric acids seem to predominate, 
there being also smaller quantities of lactic and valeric acids. In retting 
liquors Kayser and Delavel® identified formic, acetic, butyric, succinic, 
and lactic acids, and in addition Stormer’ identified valeric acid in the 
decomposition products of his anaerobic retting. That these acids are 
found in nature to a greater or less extent is shown by the fact that the 


*R. W. Thatcher, Chemistry of Plant Life (1921), p. 126. 

2A. F. Holleman, Textbook of Organic Chemistry (1920), p. 211. 
3R. W. Thatcher, ibid., p. 127. 

‘Ibid. 

5A. F. Holleman, ibid., p. 494. 


6Cited by A. C. Thayson and H. J. Bunker, Microbiology of Cellulose, Hemicelluloses, 
Pectin, and Gums (1927), p. 177. 


Ibid., p. 161. 
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waters of Nile River have been used for the retting of flax since the 
time of the Egyptians.t Omelianski? found that fermentation of 2.0815 
grams of cellulose by Bac. metlanigenes produced the following: 


Grams 


and Bac. fossicularum on 3.4743 grams of cellulose produced: 


Grams 


Khouvine, working with Bac. cellulose dissolvens on 1.102 grams of cellu- 
lose, obtained: 
Grams 


Ramann, Remeli, Shellhorn, and Krause,’ in studying the relative 
importance of fungi and bacteria in the decomposition of shallow layers 
of vegetable matter, found that on taking the acidity of the decaying 
matter as zero, the mould was 0.65 N-o.98 N, the soil and mould mixture 
0.251 N, and that of the surface soil, 0.007 N. 


INSTABILITY OF ORGANIC ACIDS 


All organic acids are readily oxidized under the conditions which 
exist on the surface of the earth, and are also unstable under those which 
exist below its surface. Very small amounts of organic acids are found 
in amber and lignite, and, according to Julian,‘ they are imprisoned in 
ferric hydrate and manganese oxide, but these amounts are negligible 
in comparison with the large quantities produced in nature. Ordinarily 
we do not think of calcium acetate as unstable, or vinegar as being readily 
oxidized, but when these substances are exposed to the action of ground 


*Cited by A. C. Thayson and H. J. Bunker, Microbiology of Cellulose, Hemicellu- 
loses, Pectin, and Gums (1927), p. 164. 


2Tbid., p. 55. 
3Ibid., p. 207. 
4Proc. Amer. Assoc. Adv.. Sci. (1879), p. 330. 
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water and of the rocks with which they are in contact, the calcium 
acetate is converted to carbonate and the acetic acid is broken down 


- to CO, and water. Probably it is because of the absence of the salts 


of organic acids in nature that, as Julian has said, their geologic work 
has been underrated or attributed to an excessive extent to carbon diox- 
ide. 
ORGANIC ACIDS IN GROUND WATERS 

The use of the term “organic matter” in the analyses of mineral 
waters may, as suggested by Julian,’ refer to a group of organic acids 
which are not determined in the ordinary water examination. He gives 
many analyses of waters showing organic acids and the salts of organic 
acids, which are present in small amounts and which may penetrate the 
rocks to considerable depths. The following analyses given by him? 
show the amounts of organic acids in the waters of different artesian 
wells and springs. 


Parts per Miilion 


Source of Sample Organic Acids 


Authority 


Bladen Springs, Alabama 

Trafalgar Square artesian water, London 
Cambray Spring, Cheltenham 

Bristol, England. 


R. T. Brumby 
Abel & Rowney 
Abel & Rowney 
Herapath 
Hamberg 
Garrigon 

W.E. A. Aikin 
S. D. Hayes 


Healing Spring, Bath County, Virginia P 
Chalybeate Springs, Minneapolis, Minnesota ... . | 


N 


3Recalculated by the writer. 


As these acids are readily decomposed, it is probable that the CO, 
in many spring waters, particularly those of thermal springs, comes from 
the breaking down of the acids to CO, and water, which of course would 
increase the solvent action in the case of acids containing more than one 
carbon atom, but which would obliterate the evidence of the part played 
by the original acid in chemical erosion. 

A molecule of organic acid carried into a limestone by ground water 
will dissolve as much calcite as a molecule of carbonic acid under the 
same conditions. This is shown by the reactions: 


2CaCO; +2C.H,0, Ca (C.H,0.). +CaH, (CO). 


2CaCO, +2H.CO,— 2CaH, (CO,), 
"Proc. Amer. Assoc. Adv. Sci. (1879), p. 338. 
p. 337. 
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4 Eckheltz Spring, Ronneby, Sweden............. 
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The carbonic acid released by the reaction between the organic 
acids and the limestone will be a more efficient solvent than that obtained 
from the atmosphere because of its formation in very intimate contact 
with the limestone. 


EXPERIMENTAL WORK 


In order to obtain some idea of the kinds of acids generated and the 
amount of acid which could be produced in a definite period of time, a 
four-liter separatory flask was filled with dry leaves, most of which were 
elm, though a few were maple. To inoculate the material in the flask 
with bacteria, 25 grams of surface soil were washed in 100 cubic centi- 
meters of distilled water. This mixture was then decanted and 25 cubic 
centimeters of the solution were introduced into the flask. The remain- 
ing space in the flask was filled with distilled water, and the flask was 
then corked, with the exception of a small opening to permit the escape 
of the gases which might be generated. The flask was kept at room 
temperature and pressure for a period of 215 days. 

On the second and third days of the experiment, gas was given off 
in large quantities and the contents of the flask had a sour odor very 
similar to the odor of ensilage. This odor was probably due to the 
presence of small quantities of acetic and lactic acids, although the solu- 
tion was still neutral to litmus. By the seventh day gas was not coming 
off in such profuse quantities, but bacterial action was indicated by the 
movement of gas bubbles within the flask. At this time the solution was 
acid to litmus and had a strong, rancid, slightly sour odor suggestive of 
old sour milk or stale butter. These odors were probably due to the pres- 
ence of lactic acid and probably some butyric acid. A small amount 
of the liquid was drawn off and poured over powdered calcite. The cal- 
cite effervesced readily in the liquid. 

The acid solution was first titrated after 41 days and its normality 
was 0.1093. Titrations were made at more or less regular intervals there- 
after. 

The following table (p. 1472) gives the results obtained. 

These results show that a considerable amount of acid is generated 
in a relatively short period of time, and, furthermore, that there is a 
peak of acidity, which was probably reached before the first titration 
was made. 

The continuous decrease in the acidity of the solution was due to 
the fact that the acid-forming bacteria became dormant, and the acid 
was decomposed into carbon dioxide and water by non-acid-forming 
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Number of Titration Time in Days Nor — of 


41 1093 
.O501 


.0234 


bacteria which were able to exist and function in the acid solution. The 
dormancy of the acid-forming bacteria was due to two causes. First, 
they were unable to thrive under the toxic conditions which existed as a 
result of waste products generated by themselves. This fact was proved 
by another experiment, described in this paper, in which the acids were 
partially neutralized as they were formed. Second, the dormancy was 
due partly to depletion of the food supply. In the foregoing table it 
will be noticed that at the time of the eighth titration the normality of 
the acid was 0.0059, while at the time of the ninth titration the normality 
was 0.0137, which was the first upward trend of the normality after the 
beginning of the experiment. Six days after the eighth titration was 
made, about 10 grams of gum arabic were placed in the flask. Within 
48 hours after the introduction of the new food supply, large 
quantities of gas began to come off, and gases continued to be given off 
for some time. This fact indicated that the acid-forming bacteria had 
renewed their activities, and later titrations showed an increase in acidity. 

In order to obtain the peak of acidity, a second flask was prepared 
with leaves from the same source as those used in the first experiment. 
The inoculating bacteria, however, were not obtained from soil from the 
same locality as those used in the first experiment. 

The data for the experiment and the results obtained are as follows. 


Number of Titration Time in Days Nor — of 


-0544 
.0661 
-0563 
.0485 
.0465 
-0143 
-O179 


1472 

10 grams gum arabic added.................. 169 
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The acidity is considerably lower than that obtained in the first ex- 
periment. No explanation can be given except that the soil sample in 
this experiment may have contained fewer forms of acid-forming bacteria 
than the soil used in the first experiment. This explanation seems en- 
tirely reasonable in view of the fact that Omelianski and Kouvine ob- 
tained a fairly wide variation in the amount of acid produced by different 
bacteria. 

Because the acidity, on reaching a certain concentration, checked the 
acid production, the following experiment was performed to determine 
the result of neutralizing the acids as rapidly as they were formed. 

The data and the results are as follows: 


TInoculating solution 

CaCO, added after 9 days 

Distilled water added after 9 days 


Number of Titration Time in Days Normality of Acid 


Acid to litmus 


I 
2 
3 
4 
5 
6 
7 
8 
9 


These results, though they fluctuate in a somewhat irregular manner, 
clearly indicate a continuous acid-producing process, as long as the acids 
formed are not allowed to accumulate. The accumulation of acids in 
nature could be prevented by frequent rains, which would cause flooding 
of the small pools or puddles in which the reaction was taking place, or 
by normal run-off. 

Another experiment was performed to determine the extent of 
bacterial activity, if any, in an alkaline solution. After a period of 85 
days the solution in the flask used for the second experiment was made 
alkaline to litmus with NaOH, though no great excess of the base was 
used. After the NaOH had been in the flask for 8 days, the solution 
was titrated and found to be only slightly acid. This showed that acid- 


ae 
a 
Grams 
25 cc. 
200 
100 CC. 
100 
9 
29 .008 
35 .0183 
57 .O150 
67 .O127 
78 .0065 
88 .O129 
108 .0092 
143 
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forming bacteria were unable to generate appreciable quantities of acids 
in an alkaline solution. After 58 days, titration showed acidity of less 
than o.oo1 N. 

The action of these acids on calcium carbonate is somewhat variable. 
Although the acids developed in the first flask dissolved calcite readily, 
it was found that the acids remaining in the flask after stimulation of the 
bacteria by gum arabic would not dissolve calcite even on boiling. 

In the third flask acids were developed even in the presence of 
calcium carbonate and attained an acidity of nearly 0.02 N. 

This action is explained by the fact that some of the acids developed 
are weaker than carbonic acid and do not affect carbonates, or else the 
calcium salts of these acids are insoluble. 

Although large quantities of gas were given off, it was found im- 
practical to collect this gas throughout a prolonged period. It was fre- 
quently noticed that the gas pressure developed was considerable and 
the flasks frequently overflowed in spite of the fact that a trap to collect 
the water was set about 10 inches above the surface of the water in the 
flasks. In the second experiment 500 cubic centimeters of gas, mostly 
carbon dioxide, was collected during the first 24 hours, after which the 
flask overflowed and the gas was lost. 


CONCLUSIONS 


These experiments demonstrate at least four conclusions. 
1. Soil bacteria possess the ability to generate acids which are 
capable of dissolving calcium carbonate. 

2. Carbon dioxide is generated in large quantities as a result of 
bacterial decomposition of plant material and also as a result of the re- 
action between the acids generated and calcium carbonate. 

3. The bacteria become dormant when the solutions are made 
alkaline. 

4. The time involved in the bacterial decomposition of plants is 
sufficient to allow the percolation of solutions containing bacteria to 
considerable depths before toxic conditions are set up. 

It may thus be seen that solutions containing acids and carbon 
dioxide may percolate downward through limestone and that the solvent 
action of these solutions is carried on from the surface of the earth 
to the water table. At the latter depth the solutions in contact with 
carbonates become alkaline, and reactions between them and the limestone 
probably cease. Not only do the solutions carry carbon dioxide into the 
rock, but carbon dioxide is generated within the rock itself, and this carbon 
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dioxide, being in intimate contact with the rock, may well exert more 
effective action than atmospheric carbon dioxide which has been carried 
down by rain. 

In making a quantitative estimate of the result of bacterial action, 
great difficulty is encountered. No estimate of the amount of organic 
acid carried into the limestone is possible. 

In the Kentucky River basin, which is largely underlain by lime- 
stone, Dole and Stabler' estimate that, on an average, 164 tons of ma- 
terial are removed per square mile per year. On recalculating the analy- 
sis of Kentucky River water given by Clarke? on the assumption that the 
calcium is in the form of carbonate, it may be shown that 84 tons of this 
material are calcium carbonate. 

As is demonstrated in the experiments here described, the average 
maximum acidity obtained by bacterial action was about 0.7 N, of 
which acids with a normality of 0.57 N would be effective in dissolving 
limestone. The average annual rainfall in the Kentucky River basin is 
about 30 inches and if one-third of this amount sinks into the ground 
and becomes as strongly acid as the solutions developed in the laboratory, 
it will dissolve 1,867 tons of limestone per square mile per year, or 23 times 
the amount actually dissolved. Obviously this acidity can not be ob- 
tained in nature. 

On the other hand, organic acids having a strength of ten parts per 
million would, if completely neutralized, remove more than 5 tons per 
square mile per year or about one-seventeenth of the amount actually 
removed. As artesian wells and springs commonly contain this amount 
of organic acid, it can be seen that the actual efficiency of organic acids 
in nature lies somewhere between the two extremes, and that the solvent 
action of acids generated by bacteria may be responsible for much of the 
solution of limestone taking place in nature. 

Bacterial action, through formation of organic acids, must be much 
more effective in making limestones porous than atmospheric carbon 
dioxide. The effect of the latter is exerted largely on the surface of the 
rock, but the acids and carbon dioxide generated by bacteria can pene- 
trate the rock deeply along openings, and, by removing calcite from the 
interior, may make the rock porous. 


1U. S. Geol. Survey Water Supply Paper 234 (1909), p. 87. 


The Data of Geochemistry,” U. S. Geol. Survey Bull. 695 (1920), p. 79. 
3] bid. 
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GEOLOGICAL NOTES 


SANDSTONES IN THE UPPER PART OF THE ARBUCKLE 
LIMESTONE, OKLAHOMA! 


As the party, consisting of the writer, Norval Ballard, and Ross 
Maxwell, were studying various outcropping sections of the Simpson 
formation in the Arbuckle Mountains during the past field season, while 
studying the contact between Simpson and Arbuckle, several sandstones 
were found in the upper part of the Arbuckle limestone. This discovery 
is very significant because only sandy shales instead of good sandstones 
crop out at these upper Arbuckle horizons on the Ardmore-Davis road, 
and particularly because the so-called “‘Siliceous lime” and the produc- 
tion in the Oklahoma City field have been placed tentatively in the 
upper part of the Arbuckle formation. 

These sandstones are exposed best for study in Sec. 36, T. 2 S., 
R. 3 E., in the pasture on the R. N. Hale farm about 12 miles south of 
Sulphur, Murray County. At this locality thin conglomerates at the 
base of the Simpson, the typical Arbuckle gastropod bed, and the upper 
Siliceous limestones are well developed. The dip ranges from 12° to 15° 
SW., and the thickness of the successive sandstones, beginning at the top, 
is 3, 5, 52, 12, and 4 feet, as shown in the appended section (Fig. 1). 
The conglomerates and upper limestones are exposed best near the south- 
ern edge of the open pasture, but the sandstones and intervening lime- 
stones are exposed best about 80 rods farther north. 

The sandstones seem to be very pure, containing little if any clay. 
C. A. Merritt has studied some of these sands briefly, and has found that 
those in the region south of Sulphur range in diameter from 0.1 to 0.6 
millimeter and that those north of Connerville range from 0.08 to 0.4 
millimeter. In most samples the grains are well rounded, though the 
larger grains north of Connerville are somewhat angular. Many of the 
grains are pitted. No extended comparison has been made of these 
Arbuckle sandstones with those of the Simpson, but from the brief 
studies pursued, they seem to measure slightly larger in diameter than 
the Simpson sands. 


*By permission of the Oklahoma Geological Survey. 
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On the southwest limb of the Arbuckle anticline on the east side of 
the road 13 miles south of Sulphur, a sandstone 38 feet thick crops out 
287 feet below the top of the Arbuckle. About 4 miles southeast of this 
last locality, where Oil Creek crosses the Arbuckle-Simpson contact, 
a sandstone holds a thickness of 15 feet for at least 14 mile on either side 
of the creek, where it is 278 feet below the top of the Arbuckle. On 
the south end of the southward-plunging Plateau anticline 4 miles north- 
east of Woodford, there are five sandstones ranging from 5 to 12 feet in 
thickness in the interval between 130 feet and 340 feet below the top of 
the Arbuckle. Also, one thin sandstone 5 or 6 feet thick was noticed in 
Sec. 5, T. 2 S., R. 1 W., 5 miles east of Pooleville, on the southeast side 
of West Spring Creek about 100 feet below the top of the arbuckle. 

Several soft sandstones in the vicinity of Connerville, which common- 
ly have been credited to the Simpson, seem now to belong to the Ar- 
buckle. This is true of the sandstone 1 mile north of Connerville and 
probably also of a second sandstone 1% miles northeast of Connerville. 
Doubtless, also, several of the poorly indurated sandstones south of 
Connerville will be found to belong to the Arbuckle rather than to the 
Simpson. 


CHARLES E. DECKER 
NorMAN, OKLAHOMA 


October 8, 1929 


KETTLEMAN HILLS OIL FIELD, CALIFORNIA! 


The three domes which make up the Kettleman Hills uplift are 
arranged en échelon and extend about 4o miles along the general line of 
folding which comes out of the Coast Ranges at Coalinga and extends 
75 miles south to the south end of the Lost Hills field. Oil was discov- 
ered at Coalinga in 1890 and at Lost Hills in 1910. Wells were drilled 
on the North dome at Kettleman as early as 1895, and at least as many 
as thirty were drilled before the Milham Exploration Company’s Elliott 
No. 1, in the SE. corner of Sec. 2, T. 22 S., R. 17 E., came in unexpectedly 
in October, 1928, flowing 3,600 barrels of 60°-gravity oil and about 
70,000,000 cubic feet of wet gas, from a total depth of 7,100 feet. Since 
that completion about fifty operations have been commenced, most of 
them on the North dome. Four wells in addition to the discovery well 
have produced varying amounts of oil and large quantities of gas, the 

‘Published by permission of the Amerada Petroleum Corporation: a report on 


developments in the field by E. H. Musser, in Summary of Operations, California Oil 
Fields (San Francisco), Vol. 14, No. 5, November, 1928 (issued in September, 1929). 
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largest to date being the Continental Oil Company’s No. 12-8, an offset 
to the Elliott No. 1, and located in the NW. corner of Sec. 12, T. 22 S., 
R. 17 E. It was completed in September, 1929, and has produced as 
much as 6,900 barrels of oil and 150,000,000 cubic feet of gas. The smaller 
wells have been mudded off and deepened. It was at first thought that 
the discovery well was producing from approximately 7,000 feet, but 
subsequent wells have shown that the upper part of the sand is produc- 
tive, although the larger wells are those that have taken in the most sand. 


STRATIGRAPHY 


The surface beds along the axis are marine Etchegoin (Lower Plio- 
cene), which plunge under the fresh-water Tulare (Lower Pliocene) on 
the flanks. Although the section from the surface to the producing sand 
is made up of four distinct lithological members, dividing lines between 
them are not well defined. This gradational change makes it difficult 
to measure the exact thicknesses of the formations, or to prepare accurate 
subsurface maps of them. The formations in order from the surface 
down are Etchegoin, Jacalitos (uppermost Miocene to Lower Pliocene), 
Santa Margarita (Upper Miocene), and Maricopa shale (Middle Miocene) 
which lies immediately over the producing sand. Of the several con- 
tacts, that between the Santa Margarita and the Maricopa can be recog- 
nized more satisfactorily than any other contacts higher in the section. 
The formations above the Maricopa are approximately 4,800 feet thick 
on top of the North dome. This thickness increases toward the south, 
probably reaching a maximum at the Middle dome, and from there 
south decreases to a minimum of 400 feet at Lost Hills. The Maricopa 
is 4,000 feet thick at Lost Hills, 3,000 at the South dome, 1,500 at the 
south end of the North dome, 1,200 at the north end of the North dome, 
and not present at Coalinga, although its absence here is no doubt due 
in part to overlap. This rapid convergence toward the north has shifted 
the subsurface “high” on the North dome north of the surface “high.” 
What effect it will have on the other two domes remains to be seen. The 
producing sand is generally conceded to be Temblor in age, although 
formerly described as “ Vaqueros.”’ It is approximately goo feet thick, 
and is broken by streaks of shale, and in some wells contains beds of 
re-worked serpentine, corresponding with the “Big Blue” of Coalinga. 


STRUCTURE 


Although the North and Middle domes are topographically one unit, 
it is evident from surface structure that there is a saddle separating 
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them, as well as one between the Middle and South domes. The South 
dome, however, can not be separated from the Lost Hills field, either on 
surface or subsurface evidence. Of subsurface structure little is known 
except in the North dome, where several wells have reached the Mari- 
copa shale, and about twelve have penetrated the producing sand. 
From this data the subsurface map (Fig. 1) was prepared. Two features 
of interest are to be observed from this map. 

The first of these is the shift of the structure toward the north, 
due to convergence in that direction. It is now thought that there is 
approximately 1,200 feet less in the section between the upper Mulinia 
zone (middle Etchegoin) and the Temblor on the north end of the North 
dome than on the south end. Furthermore, although the Maricopa is 
somewhat higher on the South dome than on the North, the only well 
to reach the Temblor on the South dome found it about 1,200 feet lower 
than on the North dome. This change in thickness is due in the Maricopa 
to the general thickening of the Tertiary section in the San Joaquin 
Valley on the south. The changes in thickness in the overlying section, 
however, are due to removal by erosion, as well as to southward diver- 
gence. Thus the thinning in the Santa Margarita and overlying forma- 
tions from the Middle dome northward is due to convergence, and the 
thinning toward the south is due to erosion, which reaches its climax 
at the north end of the Lost Hills field, where the Maricopa comes within 
a few hundred feet of the surface. From this evidence it seems probable 
that the sand will be found to be deepest on the Middle dome, although 
this structure has the most nearly perfect surface closure. 

The second point of interest is the steeper dip found on the south- 
west side of the North dome. An indication of this is to be observed on 
the surface, the maximum dip on the northeast flank being 31°, that on 
the southwest 45°.t From the meager data available, this asymmetry 
seems to persist with depth. 

Considerable surface faulting is found on the North dome. Although 
opinion is divided as to the possibility of this affecting the sand, the weight 
of evidence opposes a probability, since the nature of the faulting indi- 
cates that it was caused by dropped, wedge-shaped blocks along the 
crest, which have resulted from the failure of the roof of the dome. 


FUTURE DEVELOPMENT 


By agreement with the Department of the Interior, no great pro- 
duction or development will be allowed on any of the domes until 1931, 


*Ralph Arnold and Robert Anderson, “Geology and Oil Resources of the Coalinga 
District,” U. S. Geol. Survey Bull. 398 (1910), p. 332- 
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l'ic. 1.—-Map of Kettleman Hills showing areal geology as mapped by Arnold and Anderson in U.S. 
Geol. Survey Bull. 357, and subsurface geology of the North dome by the writer. The crests of the 
Middle dome and South dome are indicated by arrows. The insert map shows the position of Kettleman 
Hil's on the line of folding from the Coalinga oil field to the Lost Hills oil field. 

Subsequent note—The wells shown as “shut-in” when this map was drawn (October 1) are now 
wide open (October 21, 1929).—Ep1ror. 
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unless market conditions necessitate a change of policy. It is thought 
that 1 well to 20 acres may suffice to drain efficiently such high-gravity 
oil, and most locations are made with this in mind, but so that the num- 
ber of wells can be doubled if found advisable. 

Estimates vary, but it is generally thought that recovery will reach 
at least 50,000 barrels per acre. Production on the North dome has not 
been defined in any direction, but it is probable that the productive area 
will cover 10,000 acres. Production on the Middle and South domes is 
yet to be proved, and if it should be, it seems improbable that together 
they will cover as much area as the North dome. 


E. H. 
4ot S. CocHRAN AVENUE 


Los ANGELES, CALIFORNIA 
October 1, 1929 
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RESEARCH NOTES 


A. A. P. G. RESEARCH COMMITTEE 


(Members’ terms expire immediately after annual Association meetings of the years shown) 


Atex W. McCoy (1932), chairman, 919 East Grand Avenue, Ponca City, Okla. 


1930: 1932: 

D. C. Barton, Petroleum Bldg., Houston, Tex. C. R. Ferrke, 1118 Wightman, Pittsburgh, Pz. 
R. C. Moore, Univ. of Kansas, "Lawrence, Kan. A. I. Levorsen, Box 1830, Tulsa, > 

W. T. Txom, jr, Princeton Univ., Princeton, N. J. Smney POWERS, Box 2022, Tulsa, Okla. 

F. M. Van Tovt, School of Mines, Golden, Colo. R. D. REEp, 1717 South Third, Alhambra, Calif. 
1031: L. C. SNIDER, 60 Wall Street, New York, N. Y. 
K. C. Heap, 1161 Frick Bldg. om, Pittsburgh, Pa. W. C. SPOONER, Box 1195, Shreveport, La. 

F. H. LAHEE, Box 953, Dallas, T W. E. WRATHER, 4300 Overhill Dr., Dallas, Tex. 
M. K. READ, 1519 Linda Rosa, io Angeles, Calif. 

F. B. Prummer, Bur. Econ. Geology, Austin, Tex. 


The purpose of the Research Committee is the advancement of research 
within the field of petroleum geology. If members working actively in research 
on particular problems care to register with the Research Committee, the com- 
mittee will be glad to aid them in any way it can and put them in touch with 
other men who are, or have been, working on similar or allied problems and can 
perhaps effect some integration of the research work of the Association. If 
the younger, or older, members of the Association, who are doing or preparing 
research for publication, will come to any member of the Committee, he will 
be very glad to offer whatever advice, counsel, or criticism he can in regard to 
the research, its prosecution, or its preparation for formal presentation. The 
Committee would be glad to have members formulate and present to it sugges- 
tions in regard to research problems and programs. 


AN ALGAL LIMESTONE IN SOUTHERN CALIFORNIA 


The limestone bed from which this specimen (Fig. 1) was taken is cut by 
tributaries east of Santa Ynez Canyon in the San Vicente y Santa Monica 
Grant, Los Angeles County. If the public land surveys were projected over 
this area, the limestone bed would lie in T. 1 S., R. 16 W., extending from the 
SW. !'4 of Section 15 northwesterly across the northeastern part of Section 16. 

The limestone bed is 60-100 feet thick, crops out along the strike for more 
than 1 mile, and dips approximately 35° SW. A fine-grained siliceous clay 
shale underlies and overlies the limestone. On the east and on the west faults 
striking north and south bound the block within which the limestone lies. 
Cretaceous sandstones lie on the east of the block and Miocene sandstones 
on the west. The limestone is probably Eocene. Analyses of many samples 
show that it contains 95 per cent or more of calcium carbonate, 
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Fic. 1.—Algal limestone near Santa Ynez Canyon, Los Angeles County, California. 


The photograph shows a polished surface. 


S. L. GILLANn 
812 SUBWAY TERMINAL 


Los ANGELES, CALIFORNIA 
September 17, 1929 
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Annotated Bibliography of Economic Geology (for 1928). Prepared under the 
auspices of the National Research Council. Published by Economic 
Geology Pub. Co. Urbana, Illinois. Vol. 1, Nos. 1 and 2 (July, 1929), 380 
pp., 8vo paper. Price, $5.00. 


Owing to the efforts of Waldemar Lindgren, formerly of the Division of 
Geology and Geography of the National Research Council, the first volume of 
this invaluable bibliography has been published. It has been prepared under 
the auspices of the Council. Henceforth, each volume will consist of two num- 
bers, published in March and July, at a price of $3.00 each, or $5.00 a year. 
The Economic Geology Publishing Company has undertaken the printing and 
distribution. At the end of 1928 nearly $20,000.00 had been obtained, which 
should be sufficient to conduct the enterprise for five years at least. Additional 
subscriptions at any time will be welcomed. 

Sections of the bibliography are prepared under different chiefs, including 
foreign geologists, and the reviews embrace publications in all languages. 
Professor W. V. Howard," of the University of Illinois, prepared the section 
on petroleum and gas for Volume 1. This section embraces 73 pages and 476 
titles. This bibliography is more extensive than any of those in current period- 
icals and should be in all libraries. Professor Lindgren is to be congratulated 
on the initiation of this worthy project. 

S. P. 

OKLAHOMA 
September 30, 1929 


“Oil and Gas in Alabama.” By D R.SEemmes. Geol. Survey Alabama Special 
Rept. 15 (University of Alabama, 1929), 408 pp.,.cloth 8vo. Price, $1.15. 


This comprehensive treatise on oil and gas possibilities in Alabama is a 
welcome contribution to the knowledge of the structural geology of the state. 
The first 40 pages are devoted to an up to-date, brief statement of the origin 
and accumulation of oil and of the methods now being employed to find struc- 
ture favorable for drilling. Northern Alabama is described in 160 pages, 
southern Alabama in 200 pages. A number of instructive and accurate struc- 
ture contour maps, a map showing the location of all the wells drilled in the 
state, and tabulations listing all wells and giving available information about 
them accompany the text. The state geologist and author are to be com- 
plimented on this most useful volume. 

Owing to the absence of the author when the volume was in press, a few 
errors will be found. On page 286 the Waskom gas field, on page 291 the Keechi 


‘Suggestions or comments or any assistance in abstracting articles will be appre- 
ciated by Professor Howard.—Eprror. 
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salt dome, and on page 377 the Alahoma Oil Company’s well are difficult to 
recognize because of incorrect spelling. The small colored geological map of 
the state, published in 1920, unfortunately does not accompany this report. 

It is interesting to notice (p. 370) that the Appalachian Mountains trend 
southwest or west under the Coastal Plain and (p. 292) that salt domes will 
probably not be found in Alabama because of the location of the late Paleozoic 
geosyncline.* 
S. P. 
TutsA, OKLAHOMA 
September 30, 1929 


“Preliminary Report on the Kettleman Hills Oil Field.” By E. H. Musser. 
Report dated April 1, 1928, printed in “Summary of Operations, Califor- 
nia Oil Fields, Monthly Chapter, Fourteenth Annual Report of the State 
Oil and Gas Supervisor” issued by Department of Natural Resources, 
Division ef Mines and Mining (San Francisco), Vol. 14, No. 5 (November), 
1928). 

This report was printed at as early a date as possible on account of the 
great public interest in the Kettleman Hills area. The report describes the 
topography, geography, discovery of oil, geology, history of development, 
oil and gas production, drilling methods and costs, land ownership, and under- 
ground data relating to the field. Much detailed information is presented and 
the reader will find the report a very good account of the state of knowledge 
of the field at the date of publication. Plate “A,” which is a general map of 
the field in relation to the geologic structure, is to be commended. 

The author’s discussion of the geology reveals the loose usage of formation 
names current in the San Joaquin Valley. The classification of Arnold and 
Anderson? is followed. For the Kettleman Hills this is proper, but the reader 
should beware of comparing the Kettleman Hills section with that of the Sun- 
set-Midway district on the basis of formation names. For example, the Etch- 
egoin of the Kettleman Hills is known to contain about 2,000 feet of beds which 
are ordinarily referred to the Paso Robles in the Sunset-Midway district, and 
the Jacalitos of the Kettleman Hills corresponds in general with the Etchegoin 
of the Sunset-Midway. The author follows the classification of Arnold and 
Anderson for the productive Lower Miocene sands, using the name Vaqueros, 
and notes that this name has been replaced by Temblor in most recent work. 
The use of the name Maricopa to denote the 1,200-1,500 feet of siliceous brown 
shale above the productive sands is to be discouraged. The type Maricopa, of 
the Sunset-Midway, is a catch-all for the siliceous shales ranging in age from 
post-Santa Margarita to Temblor. The so-called Maricopa of the Kettleman 
Hills is of Santa Margarita or probably of post-Santa Margarita age, according 
to the work of Arnold and Anderson on the adjacent section at Reef Ridge. 


tArthur Keith, Bull. Geol. Soc. Amer., Vol. 39 (1928), Fig. 20. 


“Geology and Oil Resources of the Coalinga District,” U. S. Geol. Survey Bull. 
398 (1910). 
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Several papers dealing with the stratigraphy of the Kettleman Hills area 
are now being prepared for presentation at the fall meeting of the Pacific Sec- 
tion of the American Association of Petroleum Geologists. The reader is ad- 
vised to wait for the publication of these papers before coming to any fixed 
notion regarding the geologic age of the formations penetrated by drilling 
wells on the North dome. For the present it is safer to visualize the average 
well as penetrating about 5,000 feet of sands and blue shales, and about 1,200- 
1,500 feet of hard, brown, siliceous shales, before entering Miocene sands con- 
taining the production. 

The author commits the common error of assuming that the numerous 
faults exposed at the surface on North dome will not continue with depth. 
We now know that several of these faults affect the position of the top of the 
productive sand. Faults have been cored in several wells below 5,000 feet. 
Detailed surface mapping does not verify the author’s statement that the 
various domes may be separated by faulting. The domes have the en échelon 
arrangement so common in the structure of California fields. 


GEORGE M. CUNNINGHAM 
BAKERSFIELD, CALIFORNIA 


October 1, 1929 


“Los Metodos Geofisicos de Prospeccion” (Geophysical Prospecting Methods). 
By J. G. Suneriz. Boletin del Instituto geologico de Espana (Madrid). 
Tome 10, Tercera Serie, 498 pp., 215 figs. 


This book was presented at the last International Geological Congress at 
Pretoria. The author, J. G. Sineriz, has been elected president of the Interna- 
tional Commission of Geophysics. His work has been published as a result of 
the inquiries conducted by the geological survey of Spain about geophysics, 
in accordance with a resolution of the former congress at Madrid. 

Dr. Sineriz has been in charge of the organization of the geophysical 
section of the Spanish Geological Survey and the supervision of the geophysical 
studies which have been made in that country during the last two years. 

This work has included the application of all the different geophysical 
methods—torsion balance, electrical prospecting, seismograph, and magnetism. 
Most of the surveys have been made by specialists in each method. In this 
way, the author has had the very rare opportunity to study and compare the 
application of all the different methods. This fact gives an extraordinary 
interest to his book. It is not only a text book giving all the necessary develop- 
ments about the principles, formulae, and apparatus used in geophysics, but 
it is also a very valuable source of information about the practicability, the 
applications, and the results of the different methods. 

Of course, it is necessary to know the scientific principles of applied geo- 
physics, but it is more important for the geologist or the mining engineer to 
know exactly what he can expect from the different methods. In this respect, 
the comparison which the author makes of the results of all the geophysical 
methods used in the same area, as the coal basin of Villanueva de las Minas, 
is especially interesting. 
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The book also gives much new and valuable information concerning seis- 
mic and electrical methods. . 
To conclude, we can say that, among the very few text books of geophysics 
which have been published so far, the work of Sineriz is of outstanding interest, 
and it is the most up to date. We can only compare it with the book of Ambronn, 
Applied Geophysics, but Sineriz seems to be less theoretical and to be more 
acquainted with the practical problems of the application in the field. 
A French translation of the book is already in preparation and an English 
translation will certainly follow. 


P. CHARRIN 


PRETORIA, SoutTH AFRICA 
August, 1929 


Sedimentary Petrography (with Special Reference to Petrographic Methods of 
Correlation of Strata and to Subsurface Oil Geology). By HENRY B. MILner. 
2nd (Revised and Complete) Edition. Thomas Murby & Co., 1, Fleet 
Lane, E. C. 4, London. D. Van Nostrand Co., 8 Warren Street, New 
York (1929). 502 pp., illustrated, cloth, 514 x 7% inches. Price, $8.00. 


The aim of this book is to provide “a comprehensive text book of petrology 
of sediments, both incoherent and consolidated.”’ All who have attempted to 
use the petrologic characteristics of sediments as criteria for their identification 
and correlation have felt the need of such a text book. This new volume of Mil- 
ner’s is one which all students of sediments, whether in academic or other 
spheres of interest, will find invaluable. In preparing the book, the author 
has given cognizance to ‘“‘the impetus universally accorded to detailed studies 
of sedimentary rocks by the exigencies of oil field developments” with the 
belief that by focussing attention to detail thus implied * * * its value 
in the hands of all investigations of sedimentary deposits” will be increased. 

“Questions concerning the genesis of a sediment, involving not only ideas 
as to its source of origin, but also definite conceptions of its mode of transport 
and disposition, the nature of environmental and climatic conditions at the 
epoch of its formation—together with the pertinent aid which the subject 
affords to paleogeographical restoration—are all embraced by systematic 
petrographic examination of a series of deposits.” As a corollary to this larger 
application of sedimentary petrography, it has been found by experience that 
individual sedimentary units can be identified petrographically and “both 
principles and practice of correlation and differentiation of sediments, either by 
heavy minerals or by thin sections, have been stated in the light of * * * 
extensive experience, especially in connection with subsurface (exploitation) 
oil geology.”’ Actual examples of the correlation and differentiation of sed- 
imentary units by the application of petrologic principles are given. 

This second (revised and complete) edition embodies certain sections of 
the original volume (An Introduction to Sedimentary Petrography, 1922), much 
of the supplement (Supplement to an Introduction to Sedimentary Petrography, 
1926)—both subjected to critical revision—and a large amount of new matter. 

Chapter 1 is an “Introduction to the Study of Sedimentary Rocks.” The 
author states: “the determination of the mineral constitution of sediments is 
but a means to an end; it is the first stage toward unravelling their history.” 
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Chapter 2 is entitled “Surface and Subsurface Samples, Storage and Rec- 
ords.” Different kinds of samples are described, containers, storage, sample- 
indexing, et cetera. A specimen well sample card, as designed and used by the 
author, is given. 

Chapter 3 deals with “Laboratory Technique.” This chapter is particular- 
ly valuable to the student just beginning his study of sedimentary petrography. 
The reviewer believes that each experienced worker will develop his own tech- 
nique and filing system. 

Chapter 4 deals with “ Microscopical Examination of Sediments.” Va- 
rious types of microscopes are described. Under the heading “Systematic 
Examination of Detrital Sediments under the Microscope,” Milner lists the 
optical properties that can be found for any mineral grain and describes the 
methods to be used in determining the optical properties. This is a particu- 
larly valuable contribution, since most text books of petrography deal with 
this subject from a thin-section point of view. 

Chapter 5 gives “Quantitative Data.” Here are listed primary structures, 
porosity, ratio of absorption, mechanical analysis, percentage of heavy min- 
erals, physical properties of mineral grains, et cetera. 

Chapter 6 gives “Diagnostic Properties of Sedimentary Rock Minerals.” 
Of the 72 minerals fully described, 55 are figured. “Essential, especially opti- 
cal, properties of the minerals are discussed in detail, the desire being to give 
the fullest and most varied data leading in each case to positive diagnosis.” 
At the end of this chapter, 25 “sedimentary rock minerals of sporadic and local 
occurrence’”’ are listed. 

Chapter 7. “The Petrography of Consolidated Sediments.” In this 
chapter “‘an attempt is made to describe systematically every familiar type on 
the basis of logical classification.” Seventy photomicrographs of thin sections 
of typical rocks are included. 

“Tn view of the importance of ‘thin section’ correlation of compact rock- 
types in exploitation oil-geology * * * their treatment here departs from 
custom in its bias to the technique implied by that particular application.” 

Chapter 8 discusses the “Principles and Practice of Differentiation and 
Correlation of Sediments by Petrographic Methods.” Sub-headings in this 
chapter are as follows: The Geographical Cycle; Provenance; The Distribu- 
tive Province; Relation of Sediments to Parent-Rocks; Conditions of Deposi- 
tion; Technique of Application of Petrographic Methods; Schedule of Informa- 
tion to be Obtained from Heavy Mineral Assemblages; Deductions from Rec- 

ords; Special Cases and Difficulties; Thin Section Correlation; The Methods 
Applied to Igneous Rocks. 

Chapter 9 gives actual “Examples of Differentiation and Correlation of 
Sediments by Petrographic Methods.” Twelve “cases” are cited, six by 
Milner, the balance by workers in different parts of the world. This chapter 
is of value both to the worker whose superior has to be “shown” that the meth- 
ods are practical, and to the beginner who wishes to know how to apply and 
interpret the petrologic information he has obtained. 

Chapter 10, “The Bearing of Sedimentary Petrography on Paleogeograph- 
ical Problems,”’ presents some new ideas to those paleogeographers who believe 
that fossils are the only reliable paleogeographic criteria. Milner states: 
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“only where paleontological investigations are followed hand-in-hand with 
petrographical analyses can we expect to gain the fullest knowledge, enabling 
each step in the process of reconstruction to be made with a reasonable degree 
of accuracy.” 

Chapter 11, on “The Application of Sedimentary Petrology to the Study 
of Soils and Related Superficial Deposits” is written with the hope that it “ will 
prove of value to agricultural chemists, physicists and mineralogists for whom 
soil investigations make common cause.” This chapter has a special bibliog- 
raphy. 

Appendix I. “Detrital Mineral Determination Tables. Method of Use.” 
Nine tables are given: (1) Opaque Minerals, (2) Isotropic Minerals, (3) Color- 
less Anisotropic Minerals, (4) Yellow Anisotropic Minerals, (5) Brown Aniso- 
tropic Minerals, (6) Pink or Red Anisotropic Minerals, (7) Green Anisotropic 
Minerals, (8) Blue Anisotropic Minerals, (9) Mauve or Violet Anisotropic 
Minerals. 

Appendix II lists “Certain Rock-Forming Minerals as yet Unrecorded 
from Detrital Sediments but to be Anticipated as Petrographical Research 
Proceeds.” 

Appendix III is the Bibliography. 

FANNY CARTER EDSON 

TuLsa, OKLAHOMA 
October 14, 1920 


“Modern Instruments for Seismic Prospecting.” By R. Ampronn. Eng. 
Min. Jour. (New York), Vol. 128, No. 3 (July 20, 1929), pp. 93-99. Trans- 
lated into English by E. U. von Buelow. 


Dr. Ambronn announces a “new” type of seismograph which registers 
electrically the acceleration of the earth movement rather than the total 
movement registered by the mechanical seismographs. Because of the elec- 
trical registration, very high amplification is possible. Several receivers and 
the shot time line are connected to a multiple unit recording galvanometer 
and record on a single film. Time can be measured to o.oor second. A con- 
siderable discussion is given of the advantages of an electric seismograph 
registering acceleration contrasted with the disadvantages of the mechanical 
seismograph registering total movement. 

The assertions are made that seismographs used to date are mechanical 
seismographs; that the author’s new seismograph has much higher sensitivity 
than the seismographs in use; that the ordinary ground unrest is avoided; and 
that explosive charges of the order of only 20-100 grams of dynamite per 
kilometer are sufficient to give clear records. 

This paper reflects the same stage of development through which the 
American seismic method passed four years ago. The general type of instru- 
ment and method which he proposes have been standard in America for four 
years. More electric seismographs, registering acceleration, are in use in Amer- 
ica than any other type. That type of seismograph and the method proposed 
by the writer already have to their credit twelve salt domes definitely proved 
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by drilling and many more which have not yet been drilled. Several types of 
American electric seismographs have very much greater sensitivity and pos- 
sibie amplification than they can use. Abundant ground unrest of sufficiently 
short period seriously to obscure the impact of the explosion waves is present 
and precludes the use of high sensitivity and amplification, although, of course, 
as the author correctly states, the unrest with a period longer than a few tenths 
of a second does not seriously affect the acceleration type of instruments. In 
this country, it has been found that the inexperienced introducers of a new 
type invariably stress the supersensitivity of their instrument and the small 
charge of dynamite required. As the controlling factor is the ground unrest 
and not the supersensitivity of the instrument, there is no reason to believe 
that the seismograph proposed by the author has any more effective sensitivity 
or can use any lower charges of dynamite than the present American electric 
seismographs. According to the standards of American practice, many of the 
seismograms illustrating the paper show an attempt to use too much amplifica- 
tion and not enough dynamite and would be thrown out as having too much 
ground or instrumental unrest. 


Dona.p C. BARTON 
Houston, TEXAs 


October 11, 1929 


“Uber Ruminische Salztonaufbruche” (The Intrusive Salt-Clay Upthrusts 
of Roumania). By A. Pustowxa. Beitriige zur Kenntnis der Tektonik 
Rumanien, I, edited by Karl Krejci-Graf. Neues Jahrb. fiir Min. (Stutt- 
gart), Beilage Band 41, Abt. B (1928), pp. 317-98. 


This paper is designed to give a brief survey of the structural relations of 
the Roumanian salt domes to the Carpathians, of the relations of the salt domes 
to one another, and a brief description of many individual salt domes and anti- 
clines of the southern sub-Carpathian zone. The paper comprises a discussion 
of: 

A. The emplacement of the salt domes in the regional structure, 
B. The stratigraphy, 
C. The salt domes 
1. Within the area of the overthrust, 
2. In front of the edge of the overthrust, and 
3. Of the sub-Carpathian area of western Munteria and of 
eastern Munteria, and 
D. The problem of the exotic blocks. 


A bibliography of 40 titles is appended» The paper is illustrated by 37 
text figures, chiefly cross sections, 2 plates of cross sections, and an excellent 
map of the southern Carpathian area of Munteria. This map and the sections 
evidently contain much hitherto unpublished material from the archives of the 
oil companies. 

The salt domes (of old Roumania) are confined to the area in which the 
salt formations, Aquitanian, Burdigalian, and Helvetian, occur. The intru- 
sively upthrust salt and accompanying clay and marl are of Miocene age. 
The genesis of these diapir folds is a function of tangentially directed thrust, 
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and of high mobility of the core beds. The order of occurrence and the division 
of the salt domes distinctly show their connection with the tectonics of the 
Flysch Carpathians. Erosion of the crest of the anticlines has aided and ex- 
pedited the upthrust of the salt. The period of upthrust of the salt domes in- 
cluded the whole Pliocene. 
DoNnaALD C. BARTON 
Houston, TEXAS 
October 11, 1929 


“Magnetometer Survey of Louisiana.””’ By L. SPRARAGEN. Oil and Gas Journal, 
Vol. 27, No. 46 (April 4, 1929), pp. 103, 110; Vol. 27, No. 48 (April 18, 
1929), pp. 85, 96-97. 

The survey is based on the U. S. Coast and Geodetic Survey observations, 
which, with few exceptions, were made only at the parish (county) seats. 
The vertical intensity is contoured with isogams of 100 gammas interval’ for 
the vertical intensity as observed and as corrected for the regional variation. 

A vague reflection of some of the major structural features can be seen in 
some of the magnetic anomalies; the Sabine and Monroe uplifts show positive 
anomalies and the intervening geosyncline shows a negative anomaly; an east- 
west positive anomaly corresponds with the west half of the Sulphur-Lockport- 
Jennings salt-dome line. But on the other hand, the Many area shows as big a 
positive anomaly as the Sabine uplift and the area southeast of Lafayette and 
Baton Rouge; and the indications from the magnetic anomalies are contrary 
to the geology. The stations are so widely scattered that such studies are of 
very little practical value to the experienced geophysicist and are dangerous 
in the hands of a layman. 

Dona.p C. BARTON 

Houston, TEXAS 

October 11, 1929 


Paléontologisches Praktikum (Paleontological Methods). By O. Serrz and W. 
GoTHAN. Julius Springer (Berlin, 1928). 


A “Praktikum,” according to Seitz and Gothan, is commonly a mere 
compilation of the technical methods, principles, and expedients used in carry- 
ing on some branch of scientific work. In preparing a paleontological Prakti- 
kum, however, they were confronted with the fact that observation during 
collecting is of prime importance for any further study of the fossils. This 
fact, the authors optimistically assume, is well understood by all professional 
paleontologists. The amateur, however, to whom the science has owed much 
in the past, has not kept pace with recent developments. For his sake, there- 
fore, the authors embellish their Praktikum with a 40-page discussion of some 
recent investigations bearing on the interpretation of geological data. These 
are of interest not only to paleontological amateurs and professionals, but also 
to all students of the nature and origin of sedimentary rocks. 

Starting with a historical sketch, the authors evaluate the work of William 
Smith, Cuvier, D’Orbigny, Oppel, and other pioneers. These men were inter- 
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ested only in morphology and stratigraphy. Aside from other unfavorable 
conditions, the theory of unchanging species, dominant at the time, barred 
them from considering many problems that now seem important. Even after 
The Origin of Species appeared, paleontologists were slow in applying the new 
ideas to their problems. As a brilliant exception, Hilgendorf, in 1866, published 
a thoroughly modern study of the varieties of Planorbis multiformis in the 
Steinheim fresh-water limestone. He observed accurately, collected intensive- 
ly and bed by bed, rejected re-worked shells, and defined the phylogenetic 
series that were present in the formation. The excellent example set by Hilgen- 
dorf in this classic study was unfortunately neglected by most paleontologists 
during the next half-century. In recent years, however, it has been followed 
with brilliant success by a rapidly increasing number of workers, especially in 
Germany and Austria. 

Even the older methods of correlation, by index fossils or by direct com- 
parison of faunas, are giving way in favor of the biostratigraphic method. As 
defined by Wedekind, this is the method of making stratigraphic divisions with 
the aid of ‘“‘form-series” on the basis of careful, bed-to-bed coilecting. Quan- 
tity of material, relative abundance of species, and many other observational 
data are important for this work. When they are available, problems concern- 
ing facies and paleogeography may be attacked and often solved in a way 
that was impossible with the earlier methods. 

Another of the newer developments is “ paleobiology ’’—the word is due to 
Dollo—developed by Abel, Dacqué, and others. It is the science “which 
considers fossil forms from the viewpoint of comparative anatomy, and seeks 
to interpret them in terms of their environment.” Paleobiologic methods 
include 

1. Comparison of fossil forms with the most similar living forms, 

2. Interpretation of the function of organs from the shape, et cetera, 

3. Deductions as to the biologic relations of fossil forms from the char- 
acter of enclosing sediments and the position of the fossils in them. 

For the first and second methods reference is made to the work of Dacqué, 
Abel, and Johannes Walther. The last method has been used by several stu- 
dents. Weigelt, for example, has developed the new discipline of “ biostra- 
tonomy,” the task of which is to investigate the mechanical association of 
organic remains and their relation to enclosing sediments. It proceeds in two 
ways: by studying recent accumulations of shells, bones, and other organic 
materials, and by describing the position and distribution of fossils in the rocks. 
It contributes thus to the investigation of those factors of general geologic 
and biologic nature which were active in the accumulation of fossils and in the 
formation of sediments. Paleobiology here makes contact with the better 
known science of paleogeography. 

Under the heading “ Fossilization,” the authors discuss many biostrato- 
nomic problems, particularly those concerned with mollusks, and give copious 
references to the work of Weigelt and others. They demonstrate the great 
importance of these problems and the possibility of solving many of them by 
sufficiently careful collecting and especially by thorough and accurate observa- 
tion during the collecting. They also give many striking examples of the val- 
uable data secured by Weigelt and other students from observations of modern 
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organisms in the process of becoming buried along sea coasts and river courses. 
In conclusion, however, they emphasize the fragmentary character of the data 
now available, and the necessity for a vast amount of additional work before 
general principles can be safely deduced. The important fact already demon- 
strated is that observation during the collecting of fossils is a necessity for 
paleontological progress in the future. 

A few of the more important recent works to which frequent reference is 
is made seem worthy of being listed here. 

Abel, Lehrbuch der Paliozoologie. Fischer (Jena, 1924). 

Dacqué, Vergleichende biologische Formenkunde der fossilen niederen Tiere. 
Borntraeger (Berlin, 1921). 

Diener, Grundzuge der Biostratigraphie. Deuticke (Leipzig und Wien, 
1925). 

W. Quenstedt, “Beitriige zum Kapitel Fossil und Sediment vor und bei 
Einbettung,” Neues Jahrb. f. Min., Beil. 58, Abt. B, p. 335. 

R. Richter, “Flachseebeobachtungen sur Paliontologie und Geologie,” 
Senckenbergiana 4 (1922), p. 103. 

J. Walther, Al/gemeine Paldontologie. Borntraeger (Berlin, 1919-27). 

Wedekind, “Uber Zonenfolge und Schichtenfolge,” Zentralblatt Min. 
(1918), p. 268. 

J. Weigelt, Angewandte Geologie und Paléontologie der Flachseegesteine und 
das Erzlager von Salzgitter. Borntraeger (Berlin, 1923). 

Weigelt, “Uber Biostratonomie,” Der Geologe, Nr. 42 (November, 1927). 
Max Weg (Leipzig). 

Weigelt, Rezenie Wirbeltierleichen und ihre paldobiologische Bedeutung, 
Max Weg (Leipzig, 1927). 

The last is a beautifully illustrated discussion of death, decay, and burial 
as geologic phenomena. Many of the author’s observations were made in 
Texas. Still another of Weigelt’s works, too recent to be cited in the Praktikum, 
is an interesting contribution to sedimentational literature: Die Pflanzenreste 
des mitteldeutschen Kupferschiefers und ihre Einschaltung ins Sediment, Born- 
traeger (Berlin, 1928). 

In addition to the geological introduction, the Praktikum contains detailed 
instructions in methods of collecting, preparing, photographing, and studying 
animal and plant fossils. The discussion of micro-fossils, chiefly foraminifers 
and diatoms, is good; it recounts, apparently, all the methods that have been 
described for their study in German publications. There are 48 illustrations, 
many of them very instructive. The accounts of special methods for all sorts 
of purposes are so numerous as to be surprising to the layman, and to make him 
feel that any paleontologist is exceptional indeed who can read the book without 
learning something new and useful from it. So far as American readers are 
concerned, however, whether they are paleontologists or not, the chief interest 
of the book will probably lie in the contribution it makes toward bridging the 
gap that has too often existed between paleontologic pursuits and the interests 
of the ordinary geologist. 


R. D. REED 


ALHAMBRA, CALIFORNIA 
October 12, 1929 
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RECENT PUBLICATIONS 


ARKANSAS 


“Geology of the DeQueen and Caddo Gap Quadrangles, Arkansas,” by 
Hugh D. Miser and A. H. Purdue. U.S. Geol. Survey Bull. 808 (1929). 195 
pp., 9 figs., 18 pls., 1 insert map. Supt. of Documents, Washington, D. C. 
Price, $0.75. 

CANADA 


“Crude Petroleum in Alberta,” by Theodore A. Link. Oil Weekly (Hous- 
ton, Texas, October 11, 1929), pp. 205-6. 


CROOKED HOLES 


“New Surveying Device Shows Course of Crooked Holes.” Petroleum 
World and Oil Age (Los Angeles, California), pp. 89-91, 152. 6 figs. 

The first number (October, 1929) of the first volume of the new magazine 
The Petroleum Engineer (Tulsa, Oklahoma) has the following brief articles on 
crooked holes. 

“Some Aspects of Straight Hole Drilling,” by K. C. Sclater. Pp. 21-22. 

“Some Outstanding Examples of Crooked Holes,” p. 31. 1 fig. 

“Drill Pipe Flexure and Crooked Holes,” by W. P. Haseman. P. 40. 
1 fig. 

GENERAL 

“Photographic Log may be Obtained with Device Used Abroad,” by Th. 
Reinhold. Oil Field Engineering (Philadelphia, October 1, 1929), pp. 26, 27, 58. 
3 photographs. 1 fig. 

“Petroleum in 1927,” by G. R. Hopkins and A. B. Coons. U. S. Bur. 
Mines Mineral Resources of the United States (July-August, 1929). Supt. of 
Documents, Washington, D. C. 593 pp. Price, $0.15. 


MISSISSIPPI, ALABAMA, AND TENNESSEE 


“Oil and Gas Possibilities in Three Southern States,” by H. D. Easton. 
Oil.and Gas Journal (September 26, 1929), pp. 173, 175, 177: 


OKLAHOMA 


The Oklahoma Geological Survey, at Norman, has issued the following 
publications. 

“Oil and Gas in Oklahoma. Geology of Haskell, Latimer, Le Flore, and 
Sequoyah Counties,” by J. A. Stone and C. L. Cooper. Bull. 4o-II (August, 
1929), 24 pp., 2 figs., 2 pls. 

“Oil and Gas in Oklahoma. Geology of Okfuskee County,” by J. Philip 
Boyle. Bull. 40o-KK (August, 1929), 24 pp., 5 figs., 3 pls. 

“Structure of the Ouachita Mountains of Oklahoma and Arkansas,” by 
Hugh D. Miser. Bull. 50 (October, 1929), 30 pp., 7 figs., 3 pls. 


TEXAS 


“Special Features of Core Drilling in the Salt Beds of Western Texas and 
New Mexico,” by James S. Wroth. U.S. Bur. Mines Information Circular 
6156 (August, 1929). Publications Section, Bur. Mines, Washington, D. C. 
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“Comparison of Torsion Balance and Geologic Interpretations of Outline 
of Biue Ridge Salt Dome,” by Jack Logan. Oil Weekly (October 11, 1929), 
Pp. 37-41, 2 maps, 2 geologic sections. 

“Study of Sub-Surface Conditions in Erath County, Texas,” by R. O. 
LaNeve. Oil Weekly (October 11, 1929), pp. 179, 210. 1 map. 

“Precise Leveling in Texas (revised edition), U. S. Coast and Geodetic 
Survey (1929). Order from Supt. of Documents, Washington, D.C. Price, $0.25. 


WYOMING 


“A Study of the Crude Oil Produced in the Salt Creek Field, Wyoming,” 
by H. P. Rue and I. N. Beall. U.S. Bur. Mines Tech. Paper 449 (July-August, 
1929). Supt. of Documents, Washington, D. C. 27 pp., 5 figs. Price, $0.05. 


TECHNICAL PERIODICALS 


The following publications have been added to the list of Bulletin ex- 
changes. 

Bulletin of American Petroleum Institute (New York) 

Mitteilungen aus dem Mineralogisch-Geologischen Staatsinstitut in Ham- 
burg (Hamburg) 

Summary of Operations, California Department of Natural Resources (San 
Francisco) 
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THE ASSOCIATION ROUND TABLE 


EXECUTIVE COMMITTEE MEETING, TULSA, OCTOBER 4, 1929 


The executive committee met at Association headquarters, 504 Tulsa 
Building, Tulsa, Oklahoma, October 4, 1929, with four members present, 
namely, president J. Y. Snyder of Shreveport, Louisiana, past-president R. S. 
McFarland of Tulsa, Oklahoma, second vice-president A. R. Denison of Fort 
Worth, Texas, and third vice-president F. H. Lahee of Dallas, Texas. 

Life Member.—Charles. P. McGaha was granted life membership in the 
Association after approval of his application according to the constitution. 

New Orleans Meeting.—Plans were made for the fifteenth annual meeting, 
which will be held at the Roosevelt Hotel, New Orleans, Louisiana, March 20, 
21, and 22, 1930. 


LIFE MEMBER 


Cuar.es P. McGana, vice-president of the Fain-McGaha Oil Corporation, 
Wichita Falls, Texas, having fulfilled the requirements of the Constitution, has 
been granted life membership in the Association by the Executive Committee. 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The Executive Committee has approved for publication the names of the 
following applicants for membership in the Association. This does not consti- 
tute an election, but places the names before the membership at large. If any 
member has information bearing on the qualifications of these applicants, 
please send it promptly to J. P. D. Hull, Business Manager, Box 1852, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each appli- 
cant.) 

FOR ACTIVE MEMBERSHIP 


Dorsey Hager, San Antonio, Tex. 
F. B. Plummer, Ben C. Belt, Alex W. McCoy 


NEW ORLEANS MEETING, MARCH 20-22, 1930 


The following announcement has been mailed to every member of the 
Association. 

The 15th annual meeting of the American Association of Petroleum 
Geologists will be held at the Roosevelt Hotel, New Orleans, Louisiana, on 
Thursday, Friday, and Saturday, March 20, 21, and 22, 1930. 

Because this meeting will be quite different from previous gatherings, par- 
ticularly as regards location and management, the executive committee is 
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giving it careful thought and desires especially that the members be fully in- 
formed of the new character of the meeting so that they will be ready with their 
whole-hearted personal codperation. 

This will be the first year that a local committee of members has not taken 
full responsibility for the financial, social, and scientific success of the meeting. 
This year we will not be dependent upon oil companies and supply houses to 
finance the meeting. The meeting will be held in a city where we have only 
one member; the nearest organization of petroleum geologists in the state is at 
Shreveport, more than 300 miles distant. The Association, itself, will stage 
this meeting,—with the assistance of the New Orleans Convention and Publicity 
Bureau, the Roosevelt Hotel, the Shreveport Geological Society, and Professor 
R. A. Steinmayer of Tulane University,—with the executive committee, how- 
ever, in full charge. The third vice-president, Dr. F. H. Lahee, Box 953, 
Dallas, Texas, has charge of the technical program. Hotel registration is in 
charge of the Roosevelt Hotel. Information about hotel accommodations and 
rates will be sent each member. Local entertainment, sight-seeing, and the 
convention registration are to be provided by the New Orleans Convention 
and Publicity Bureau. More detailed notices will soon be mailed out. The 
railroads have granted the usual reduced rates of a fare and a half for the round 
trip. 

This year we expect something unique in entertainment and local setting, 
at the same time maintaining the traditional scientific dignity and unity of 
geologic purpose which characterize this Association. 

The committee announces the meeting at this early date so that you may 
have ample time to arrange to attend. Please respond promptly to all requests 
and make your plans at once to attend and help to make this the most success- 
ful A. A. P. G. meeting in the most interesting city in America. 


Tue EXeEcuTIVE COMMITTEE 


MANUSCRIPTS FOR THE NEW ORLEANS MEETING, MARCH 
20-22, 1930, MAY BE PREPRINTED IN PART OR IN FULL, IF THEY 
SEEM TO JUSTIFY IT, ONLY IF THEY ARE RECEIVED BY F. H. 
LAHEE, CHAIRMAN PROGRAM COMMITTEE, BOX $53, DALLAS, 
TEXAS, OR BY THE BUSINESS MANAGER, BOX 1852, TULSA, OKLA- 
HOMA, ON OR BEFORE JANUARY 15, 1930. : 


CARBON RATIOS AND OIL GRAVITIES IN ROCKY MOUNTAIN 
REGION 


In C. E. Dobbin’s paper, “Carbon Ratios and Oil Gravities in the Rocky 
Mountain Region,” in the October Bulletin, these corrections should be made: 
Plate 12—top numbers in columns, ‘“ Kevin-Sunburst,” “Flat Coulee,” and 
“‘Pondera,” are carbon ratios and should have circles around them; the lowest 
number in column “Elk Basin” should be in the corresponding position in col- 
umn “Frannie;” page 1249, line 9—30° gravity should be 38”. 
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PAUL FRANKLIN MORSE 


Paul Franklin Morse, geologist with The Texas Company, in charge of 
the San Antonio district, died at Seguin, Texas, on July 12, 1929, following a 
brief illness and an operation for appendicitis. 

Paul was born in Wellston, Ohio, July 24, 1897. His education and train- 
ing began in 1902 when his father entered Ohio State University. As a lad of 
ten he was taking practically all geologic trips at State University and working 
with his father on the Maxville limestone. In 1913 Paul entered Hyde Park 
High School when his father entered the University of Chicago. In 1914 he 
was assistant to him on the Illinois Geological Survey. In mid-school year 
his mother took him from North High in Columbus, Ohio, to Soldan High in 
St. Louis to join his father, then at Washington University. However, Paul 
returned to North High the following year (1915-16), where, by pursuing extra 
courses under Ohio State instructors, he finished high school in three and a half 
years. 

Rejoining his parents, Paul attended Washington University two years, 
making many extra trips in geology. The freshman vacation (1917) he spent 
in oil work in Texas. He moved with his parents to Mississippi Agricultural 
and Mechanical College in 1918, attending it as a member of the S. A. T. C. 
He then entered Ohio State University as a senior, receiving the bachelor’s 
degree in geology in 1920. In spite of all earlier geological contacts, Paul did 
not announce until late in his undergraduate days his intention of making 
geology his life work. 

After graduation, Paul again joined his parents and engaged in commercial 
work. Within six months he was appointed assistant state geologist of Missis- 
sippi (1921-22). Later he resigned, and again became associated with his 
father in consulting work. During this association he prospected and surveyed 
the aluminum ores in Mississippi and Alabama. By request, Paul prepared a 
comprehensive report, “The Bauxite Deposits of Mississippi,” published as 
Bulletin 19 of the Mississippi State Geological Survey. 

On an eastern field trip of 5,000 miles in the summer of 1923 and a western 
trip of 10,000 miles in the summer of 1924, with geology students from Agri- 
cultural and Mechanical College, he visited almost every state in the Union. 

In 1923 Paul entered the University of Chicago, using the bauxite report 
as a thesis for the master’s degree, which was granted the first year. He was 
awarded a fellowship, and was elected to Sigma Xi and to Gamma Alpha at 
Chicago. 

At the close of the winter quarter in 1924-25, Paul resigned at Chicago to 
accept a position as geologist with the Rycade Oil Corporation in Texas. 
Later he was with the Humphreys Corporation (1925-26), the Moody Corpor- 
ation (1926-27), and finally The Texas Company (1927-29), all in Texas. Here 
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he spent the remainder of his professional career, a career brought so suddenly 
to a close after it had been wrought with such great care and enriched by such 
wide experience, at the very threshold of productivity, for only a few days 
after his passing the Darst Creek oil field was opened. “It will be a monument 
to Mr. Morse’s work,”’ writes his assistant. 

As father and son, as teacher and student, and as pals, it is the sacred 
privilege of few fathers and sons to be more closely associated; and yet, close 
as those triple ties were, the tie between mother and son was even closer—in 
the finer things of life. 

Paul was not only a scholar, a geologist, a devoted husband and father, but 
a man and friend—attested by the banks of floral offerings from his associates 
and friends: the most touching, perhaps, being the one completely covering the 
casket and bearing the message: ‘Your friends miss you, Old Pal.” He 
left behind a record unsoiled by any act of dishonor. 

In addition to Sigma Xi and Gamma Alpha, Paul’s scholarship and re- 
search won for him election to the American Association for the Advancement 
of Science, the American Association of Petroleum Geologists, the Society of 
Economic Paleontologists and Mineralogists, and the San Antonio Geological 
Society. He was a member of the Knights Templar and of the Presbyterian 
Church. 

He is survived by his wife, formerly Miss Mary Yvonne Hamilton, of Gren- 
ada, Mississippi; a daughter, Eleanor Yvonne, two years old; and his parents, 
Dr. and Mrs. W. C. Morse, of Agricultural and Mechanical College, Mississippi; 
and, in addition, by a large number of friends who admired him for his personal 
qualities and achievements. 

SAN ANTONIO GEOLOGICAL SOCIETY 


and W. C. Morse 
October, 1929 
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PROPOSED CONSTITUTIONAL REVISION 


President Snyder has appointed a committee to consider a revision of the 
A. A. P. G. constitution in the hope that it will be able to report to the Business 
Committee at the March, 1930, meeting. The members so far appointed are 
Max W. Ball, chairman, Donald C. Barton (Houston), Sidney Powers (Tulsa), 
George R. Stevens (Shreveport). Additional members will be appointed. 
The committee desires to make its consideration thorough and to have 
before it the ideas of the membership. The chairman therefore asks that every 
member get out the constitution (Bulletin for June, 1929, pp. 703-6) and read 
it and submit any suggestions he may have. This should be done promptly, 
as the time between now and the March meeting is none too long. Send your 
suggestions to Max W. Ball, First National Bank Building, Denver, Colorado, 
or to the business manager. 


H. B. Goopricu, consulting geologist, Tulsa, Oklahoma, has an article on 
“Reports on Old Fields Important” in the Oil and Gas Journal, September 
26, 1929. 


Roy E. Cottom is general manager of the California division of the Con- 
tinental Oil Company. 


GEORGE SHEPPARD, Guayaquil, Ecuador, is the author of an article on 
“Marine Denudation in Ecuador” in the September issue of the Pan-American 
Geologist. 


R. B. RutLepcE has resigned from the Barnsdall Oil Company at Wichita 
to become head of the land and geological departments of the Skelly Oil Com- 
pany at El Dorado, Kansas. 


T. F. NEwMan has resigned from the Midwest Exploration Company at 
Amarillo, Texas, to join the Skelly Oil Company there as subsurface geologist. 


Witi1AM J. Wricut has accepted the position of provincial geologist to 
the Province of New Brunswick. His address is in care of Department of Lands 
and Mines, Fredericton, New Brunswick, Canada. 


The Shawnee Geological Society held its first fall meeting, September 23, 
at the Hilton Phillips Hotel, Shawnee, Oklahoma. The program, arranged by 
Ira H. Cram, president of the Tulsa Paleontological Society, included talks 
on correlation methods by H. S. THomas, F. A. Busu, and G. S. BucHANAN, 
all of Tulsa. 


JoserH H. TuRNER is geclogist for the Independent Oil and Gas Company 
at San Antonio, Texas. 
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Rosert B. CAMPBELL, consulting geologist, announces the removal of his 
offices to Suite 800-802 Western Reserve Building, San Angelo, Texas. 


A. R. DENISON, division geologist for the Amerada Petroleum Corporation 
at Fort Worth, Texas, and second vice-president in charge of finances of the 
A. A. P. G., was married to Miss Maud Espy on October 8 at Timpson, Texas. 


Cuar.Les R. FetrTKe, professor of geology at the Carnegie Institute of 
Technology, Pittsburgh, Pennsylvania, W. A. CopELAND, assistant professor, 
and W. H. SEerrert completed the field work on the geological survey of the 
Bradford oil field of northwestern Pennsylvania and adjacent parts of New 
York state during the past summer for the Pennsylvania Topographic and 
Geologic Survey, and have returned to Pittsburgh. 


W. A. Watpscumipt has been appointed assistant professor of geology at 
the Colorado School of Mines, Golden, Colorado. He is also retained by the 
Mid-West Refining Company, of Denver. 


The Panhandle Geological Society entertained with a dinner and dance 
at the Herring Hotel, Amarillo, Texas, September 20. Following the dinner 
C. Don HucuEs presented a motion picture program of various National Parks 
and aérial views of Amarillo and vicinity. Sixty-four guests were present. 


ARTHUR Knapp was the A. A. P. G. representative at the Third National 
Fuels meeting at Philadelphia, Pennsylvania, last October. 


BERNARD H. Lasky, Atlas Life Building, Tulsa, Oklahoma, has been in 
the oil fields of California a couple of months, with temporary headquarters at 
Los Angeles. 


WituraM J. Mrittarp and RosBert E. K1nc went to Bogota some time ago 
to undertake a geological survey of The Texas Company’s holdings in Colombia. 


S. L. GILLANn, mining engineer and geologist, Los Angeles, California, at- 
tended the World Engineering Congress in Tokio, Japan, October 30 to Novem- 
ber 20, as a delegate from the Engineers Club of Los Angeles. 


Epwarp BLoeEscu, consulting geologist, Tulsa, Oklahoma, had an article 
on “Enforcement of Existing Gas Waste Laws Would Prevent Overproduction” 


_ in National Petroleum News, September 25, 1929. 


F. G. Crapp, now of Paris, and F. O. MARTIN of Los Angeles, California, 
attended the Second Congrés International de Forages, which was held Sep- 
tember 16-23 in Paris and other places in France. 


D. R. Semmes’ address is now 429 Milam Building, San Antonio, Texas. 


J. E. Eaton reports receiving letters from two geologists who recall meeting 
him at the International Geological Congress in 1922, and on delightful trips 
through Belgium. Mr. Eaton states that the nearest he ever came to Belgium 
was the’Argonne forest, that his companions there were not geologists, and that 
the,trip_ was not delightful. Members are cautioned to observe initials more 
closely. 
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F. O. Martin of Los Angeles, California, is the author of an article on 
“Explorations in Colombia,” in the October issue of Geographical Review. 


WALLACE E. Pratt has been appointed by President J. Y. SNYDER to be 
chairman of the general business committee for the New Orleans meeting, 
March 20-22, 1930. It has been customary to hold the business committee 
meeting on the day immediately previous to the opening of the convention. 
Definite notice of this will be given later. Members with any business they 
wish to have considered by the Association should submit it to their district 
representatives, whose names appear in the Bullelin opposite the Table of Con- 
tents. 


C. A. HEILanp, professor of geophysics, Colorado School of Mines, Golden, 
has an article on “Development in Science of Geophysics,” in the October 10 
issue of the Oil and Gas Journal. 


JosEPH JENSEN, McDowELL Graves, W. D. Goon, and M. L. Gwin, 
of the petroleum engineering department, Associated Oil Company, Los An- 
geles, California, published an article on “Analysis of Santa Fe Springs Field,”’ 
in the Oil and Gas Journal of October to. 


The San Antonio Section of the A. A. P. G. listened to a talk on “Salt 
Domes of Southern Mexico,” by PAuL WEAVER, October 7, and a talk on “ Pos- 
sibilities of Deeper Pennsylvanian Production in Parts of Texas, New Mexico, 
Colorado, and Utah,” by Douctas R. Semmes, October 14. 


Daviy DonocHuE has resigned as director of the Texas Pacific Coal 
and Oil Company in charge of land and geological work, and is now an executive 
assistant to E. H. Satrin, president of the Tidal Oil Company, Tulsa, 
Oklahoma. Mr. Donoghue remains in Fort Worth, Texas. 


KENNETH HARTLEY CRANDALL and Miss CLAIRE CARPENTER WOFFORD 
were married, Thursday, October 17, at Dallas. Texas. 


CHARLES A. STEWART has resigned as division geologist for the Dixie Oil 
Company at San Antonio to accept a position with the San Antonio office of 
the Shell Petroleum Corporation. 


The Shreveport Geological Society elected the following officers at its first 
fall meeting at Shreveport, Louisiana, October 4, 1929: president, M. W. 
Grium of the Tidal Oil Company; vice-president, C. M. DorcHEsTER of the 
Gulf Refining Company; and secretary-treasurer, W. F. CuisHoim of the 
Louisiana State Conservation Department. 


Marvin LEE, of Wichita, Kansas, has been re-elected representative of 
the Wichita district of the A. A. P. G. for the term 1930-1931. 


The Fort Worth Geological Society has the following officers: president 
R. A. Lippte of The Pure Oil Company; vice-president, A. R. DENISON of the 
Amerada Petroleum Corporation; and secretary-treasurer, C. E. YAGER of 
the Texas Pacific Coal and Oil Company. 
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The Houston Geological Society has elected new officers as follows: pres- 
ident, GEORGE SAWTELLE of the Kirby Petroleum Company; vice-president, 
J. Brian Esy of the Shell Petroleum Corporation; and secretary-treasurer, 
Joun F. WErNzIERL, 607-8 Petroleum Building. 


Max W. Batt talked on the subject “Rocky Mountain and Western 
Great Plains Prospects,” before the Tulsa Geological Society, October 21, 1929. 


GEOPHYSICAL NOTES 


The Imperial Geophysical Experimental Survey, under the direction of 
A. Broughton Edge, has been making an extensive field investigation of geo- 
physical methods in Australia. Gravimetric surveys have been made of the 
Victoria brown coal field and of the Lakes Entrance oil district. Electrical 
surveys have been made in several mining districts. Seismic prospecting is 
being carried out in the Gulgong gold district. (Mining Magazine, London, 
August, 1929). 
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PROFESSIONAL DIRECTORY 


SPACE FOR PROFESSIONAL CARDS IS RESERVED FOR ACTIVE 
MEMBERS OF THE ASSOCIATION. FOR RATES, APPLY TO 
THE BUSINESS MANAGER, BOX 1852, TULSA, OKLAHOMA 


CHESTER W. WASHBURNE 


GEOLOGIST 


27 WILLIAMS ST. NEW YORK 


HUNTLEY & HUNTLEY 


PETROLEUM GEOLOGISTS 
AND ENGINEERS 
L. G. HUNTLEY 
SHIRLEY L. MASON 
J. R. WYLIE, JR. 


GRANT BUILDING, PITTSBURGH, PA. 


EDWIN B. HOPKINS 


CONSULTING GEOLOGIST 


25 BROADWAY NEW YORK CITY 


GEO. C. MATSON 


GEOLOGIST 


614 TULSA TRUST BUILDING TULSA, OKLA 


JAMES L. DARNELL 


ENGINEER 


420 LEXINGTON AVE. NEW YORK CITY 


DABNEY E. PETTY 


CHIEF GEOLOGIST 


PETTY GEOPHYSICAL ENGINEERING COMPANY 


SAN ANTONIO, TEXAS 


RALPH E. DAVIS 
ENGINEER 


GEOLOGICAL EXAMINATIONS 
APPRAISALS 


1710 UNION BANK BLDG. PITTSBURGH, PENN. 


DEWITT T. RING 


GEOLOGIST 


99 NORTH FRONT ST. COLUMBUS, OHIO 


FRANK W. DEWOLF 


THE LOUISIANA LAND & 
EXPLORATION Co. 


ESPERSON BUILDING HOUSTON, TEX. 


FRANK A. HERALD 


GEOLOGIST AND PETROLEUM ENGINEER 


1805 ELECTRIC BUILDING 


FORT WORTH, TEXAS 
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E. DEGOLYER 


GEOLOGIST 


65 BROADWAY NEW YORK 


M. M. VALERIUS 
PETROLEUM GEOLOGIST 
101-102 WILCOX BLDG. 


TULSA OKLAHOMA 


PHILLIP MAVERICK 
PETROLEUM GEOLOGIST 
RUST BUILDING 


SAN ANGELO TEXAS 


JOHN L. RICH 


GEOLOGIST 


OTTAWA KANSAS 


STUART ST. CLAIR 


CONSULTING GEOLOGIST 


HUDSON VIEW GARDENS NEW YORK CITY 


BROKAW, DIXON, GARNER 
& McKEE 
GEOLOGISTS PETROLEUM ENGINEERS 


EXAMINATIONS APPRAISALS 
ESTIMATES OF OIL RESERVES 


120 BROADWAY CARACAS 
NEW YORK VENEZUELA 


JOSEPH A. TAFF 


CONSULTING GEOLOGIST 
ASSOCIATED OIL Co. 
79 NEW MONTGOMERY ST. 


SOUTHERN PACIFIC COMPANY 
65 MARKET ST. 


SAN FRANCISCO 


W. E. WRATHER 
PETROLEUM GEOLOGIST 


4300 OVERHILL DRIVE 


DALLAS TEXAS 


R. W. LAUGHLIN L. D. SIMMONS 


WELL ELEVATIONS 
OKLAHOMA AND KANSAS 


LAUGHLIN-SIMMONS & Co. 


605 OKLAHOMA GAS BUILDING 


TULSA OKLAHOMA 


FREDERICK W. GARNJOST 


SPUYTEN DUYVIL 
NEW YORK CITY 


ALEXANDER DEUSSEN 
CONSULTING GEOLOGIST 


SPECIALIST, GULF COAST SALT DOMES 


1606 POST DISPATCH BUILDING 
HOUSTON, TEXAS 


FREDERICK G. CLAPP 


$50 CHURCH STREET 


NEW YORK 
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IRVINE E. STEWART 


1010 TEXAS COMPANY BUILDING 


LOS ANGELES, CALIFORNIA 


JOHN M. HERALD 


GEOLOGIST AND 
PETROLEUM ENGINEER 


605 COSDEN BUILDING TULSA, OKLAHOMA 


LOWELL J. RIDINGS 
GEOLOGIST 
EXAMINATIONS - APPRAISALS - FIELD PARTIES 
MEXICO AND SOUTH AMERICA 


APARTADO 344 TAMPICO 


WALTER STALDER 


PETROLEUM GEOLOGIST 
925 CROCKER BUILDING 


SAN FRANSCISCO, CALIFORNIA 


L. A. MYLIUS 


PETROLEUM ENGINEER 


1711 EXCHANGE NATL. 
BANK BLDG. TULSA, OKLAHOMA 


BASIL B. ZAVOICO 
CONSULTING GEOLOGIST AND 
PETROLEUM ENGINEER 


501 PHILTOWER BUILDING 
TULSA, OKLA. 


NEW YORK OFFICE 
11 BROADWAY 
PHONE: 4208 BOWLING GREEN 


FRED H. KAY 


PAN-AMERICAN PETROLEUM AND TRANSPORT 
COMPANY 


122 E. 42ND STREET NEW YORK 


J. S. HUDNALL G. W. PIRTLE 


HUDNALL & PIRTLE 
GEOLOGISTS 


COLEMAN TEXAS 


JOHN HOWARD SAMUELL 


CONSULTING GEOLOGIST AND 
PETROLEUM ENGINEER 


1025-28 NEW MAJESTIC BLDG. 


FIELD HEADQUARTERS 
COLEMAN, TEXAS SAN ANTONIO, TEXAS 


JOHN B. KERR 


PETROLEUM GEOLOGIST 
508 BALBOA BUILDING 


SAN FRANCISCO CALIFORNIA 


CHARLES T. LUPTON 


CONSULTING 
GEOLOGIST 


FIRST NATIONAL BANK BLDG. 
DENVER, COLORADO 


J. E. EATON 
CONSULTING GEOLOGIST 
FOREIGN AND DOMESTIC FIELD PARTIES 


628 PETROLEUM SECURITIES BLDG. 
LOS ANGELES CALIFORNIA 
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J. P. SCHUMACHER W. G. SAVILLE 
R. Y. PAGAN A. C. PAGAN 


TORSION BALANCE 
EXPLORATION CO. 


TORSION BALANCE SURVEYS 


PHONE: PRESTON 7315 
730-32 POST DISPATCH BUILDING 


HOUSTON TEXAS 


WILLIS STORM 


4501 LIVINGSTON 
PETRO ROYALTY CORP. DALLAS, TEXAS 


G. JEFFREYS 
CONSULTING GEOLOGIST 
PHONE JOHN 2584 


80 MAIDEN LANE NEW YORK 


PAUL P. GOUDKOFF 
GEOLOGIST 


GEOLOGIC CORRELATION BY FORAMINIFERA 
AND MINERAL GRAINS 


1222-24 SUBWAY TERMINAL BUILDING 
LOS ANGELES, CALIFORNIA 


HARRY W. OBORNE 


GEOLOGIST 


Cc. DON HUGHES 


PETROLEUM GEOLOGIST 


420 East SAN RAFAEL ST. 309 EAST OLIVE ST. 
COLORADO SPRINGS LAMAR, COLO. OLIVER-EAKLE BLDG. 
PHONE MAIN 1189 PHONE 303 
AMARILLO, TEXAS 
F. B. PORTER R. H. FASH 
PRESIDENT VICE-PRESIDENT 
DONALD C. BARTON 
THE FORT WORTH 
LA BORATORIES CONSULTING GEOLOGIST AND 


ANALYSES OF BRINES, GAS, MINERALS, 
OIL. INTERPRETATION OF WATER ANAL- 
YSES. FIELD GAS TESTING. 


82844 MONROE STREET FORT WORTH, TEXAS 
LONG DISTANCE 138 


GEOPHYSICIST 
SPECIALIST ON EOTVOS TORSION BALANCE 
717 PETROLEUM BUILDING 


HOUSTON TEXAS 


Cc. MAX BAUER 
CONSULTING GEOLOGIST 


THE MIDWEST REFINING COMPANY 
ROUTE 3, Box 116, BOULDER, COLORADO 


OPEN FOR LIMITED ENGAGEMENTS 


CARROLL H. WEGEMANN 
CHIEF GEOLOGIST 


PAN AMERICAN PETROLEUM & TRANSPORT Co. 


120 BROADWAY 
NEW YORK 
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DIRECTORY OF 
GEOLOGICAL SOCIETIES 


. FOR THE INFORMATION OF GEOLOGISTS VISITING 
LOCAL GROUPS. FOR SPACE, APPLY TO THE BUSI- 
NESS MANAGER, BOX 1852, TULSA, OKLAHOMA 


PANHANDLE 


GEOLOGICAL SOCIETY 
AMARILLO, TEXAS 
PRESIDENT - - - - - - H. E. CRUM 
SKELLY OIL. COMPANY 
VICE-PRESIDENT - - - - w. E. HUBBARD 
HUMBLE OIL & REFINING COMPANY 


VICE-PRESIDENT - - - VICTOR COTNER 
PINEY OIL COMPANY 


SECRETARY-TREASURER - HARRY ROGATZ 
PHILLIPS PETROLEUM COMPANY 


MEETINGS: FIRST AND THIRD FRIDAY NOONS EACH 
MONTH. PLACE: LONG HORN ROOM, AMARILLO HOTEL 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


PRESIDENT - WARD C. BEAN 
SHELL PETROLEUM CORPORATION 
VICE-PRESIDENT - J. B. LOVEJOY 
GULF PRODUCTION COMPANY 
SECRETARY-TREASURER 7 F. K. FOSTER 
SINCLAIR OIL & GAS COMPANY 


MEETINGS: SECOND AND FOURTH SATURDAYS EACH 
MONTH, AT 6:30 P. M. 


PLACE: WICHITA CLUB, CITY NATIONAL BANK BLDG. 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 


PRESIDENT - - - - - A. |. LEVORSEN 
INDEPENDENT OIL & GAS COMPANY 

1ST VICE-PRESIDENT H. E. ROTHROCK 

SUPERIOR OIL CORPORATION 

2ND VICE-PRESIDENT - - HARRY H. NOWLAN 
DARBY PETROLEUM CORPORATION 

SECRETARY-TREASURER - WILLIAM W. KEELER 
MINNEHOMA OIL & GAS COMPANY 


MEETINGS: FIRST AND THIRD MONDAYS EACH MONTH, 
FROM OCTOBER TO MAy, INCLUSIVE, AT 8:00 P. M., 
FOURTH FLOOR, TULSA BUILDING. LUNCHEONS: EVERY 
THURSDAY, FOURTH FLOOR, TULSA BUILDING. 


KANSAS 
GEOLOGICAL SOCIETY 
WICHITA, KANSAS 


PRESIDENT - - RICHARD B. RUTLEDGE 
BARNSDALL OIL COMPANY 


SECRETARY-TREASURER - ANTHONY FOLGER 
GYPSY OIL COMPANY 


REGULAR MEETINGS 12:30 P. M., AT INNES TEA 
ROOM, THE FIRST SATURDAY OF EACH MONTH. VISIT- 
ING GEOLOGISTS ARE WELCOME. 


THE KANSAS GEOLOGICAL SOCIETY SPONSORS THE 
WELL LOG BUREAU WHICH IS LOCATED AT 719-20 UNION 
NATIONAL BANK BUILDING. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 
PRESIDENT - - - M. W. GRIMM 
TIDAL OIL COMPANY 
315 WARD BUILDING 
VICE-PRESIDENT - = = C.M. DORCHESTER 
GULF REFINING COMPANY 
ARDIS BUILDING 


SECRETARY-TREASURER - - W.F. CHISHOLM 
MINERALS DIVISION, 
DEPT. CONSERVATION, 304 WARD BLDG. 


MEETS THE FIRST FRIDAY OF EVERY MONTH, ROOM 
605, SLATTERY BUILDING. LUNCHEON EVERY MONDAY 
NOON, WASHINGTON HOTEL. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


PRESIDENT - - - - GEORGE SAWTELLE 
KIRBY PETROLEUM COMPANY 


VICE-PRESIDENT - - - - - J. BRIAN EBY 
SHELL PETROLEUM CORPORATION 


SECRETARY-TREASURER + JOHN F. WEINZIERL 
PETROLEUM BUILDING 


REGULAR MEETINGS EVERY TUESDAY AT NOON AT THE 
UNIVERSITY CLUB. FREQUENT SPECIAL MEETINGS 
CALLED BY THE EXECUTIVE COMMITTEE. FOR ANY 
PARTICULARS PERTAINING TO MEETINGS CALL THE 
SECRETARY. 
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DALLAS 


PETROLEUM GEOLOGISTS 
DALLAS, TEXAS 
CHAIRMAN - - - - - ¥F.&. HEATH 
SUN OIL Co. 

VICE-CHAIRMAN - - - - H. B. HILL 
U. S. BUREAU OF MINES 
SECRETARY-TREASURER - KARL H. SCHILLING 
SHELL PETROLEUM CORP. 

MEETINGS: ALTERNATE MONDAYS, 6:00 P. M., USUALLY 
AT BAKER HOTEL. VISITING GEOLOGISTS ALWAYS WEL- 
COME AND URGED TO ATTEND. ADDITIONAL INFORMA- 

TION ON MEETINGS BY CALLING SECRETARY. 


WEST TEXAS GEOLOGICAL 


SOCIETY 
SAN ANGELO, TEXAS 


PRESIDENT - - - - Vv. E. COTTINGHAM 
COTTINGHAM AND BRISCOE 


VICE-PRESIDENT - - = - A. L. ACKERS 
SOUTHERN CRUDE OIL PURCHASING CO., MIDLAND 
SECRETARY-TREASURER - - - G.E. GREEN 
VACUUM OIL COMPANY, MIDLAND 
MEETINGS: FIRST SATURDAY EACH MONTH AT 7:30 
Pp. M., ST. ANGELUS HOTEL. LUNCHEON: THIRD 

SATURDAY EACH MONTH AT 12:15. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


PRESIDENT - - - - - JESS VERNON 


AMERADA PETROLEUM CORPORATION 
VICE-PRESIDENT OSCAR HATCHER 
GYPSY OIL COMPANY 
SECRETARY-TREASURER - - H.H.KISTER 
DIXIE OIL COMPANY, INC. 

MEETS THE FOURTH MONDAY NIGHT OF EACH MONTH 
AT 7:00 P. M., MAIN DINING ROOM OF HILTON PHILLIPS 


HOTEL. VISITING GEOLOGISTS ARE WELCOME AT THE 
MEETINGS. 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 


GEOLOGISTS 


DENVER, COLORADO 


PRESIDENT - - - - JOSEPH S. IRWIN 
CONSULTING GEOLOGIST 
935 ST. PAUL STREET 
VICE-PRESIDENT - - CHAS. S. LAVINGTON 
CONTINENTAL OIL COMPANY 
VICE-PRESIDENT J. HARLAN JOHNSON 
COLORADO SCHOOL OF MINES 
GOLDEN, COLORADO 
SECRETARY-TREASURER - W. A. WALDSCHMIDT 
MIDWEST REFINING COMPANY 
LUNCHEON MEETINGS FIRST AND THIRD THURSDAYS OF 
EACH MONTH; 12:15 P.M. AUDITORIUM HOTEL. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


PRESIDENT - R. A. LIDDLE 
PURE OIL COMPANY 


VICE-PRESIDENT - - - A.R. DENISON 
AMERADA PETROLEUM CORPORATION 


SECRETARY-TREASURER - - - c. E. YAGER 
TEXAS PACIFIC COAL AND OIL COMPANY 


MEETINGS: EVERY MONDAY NOON AT THE TEXAS HOTEL, 
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THAT STRUCTURE MAP? 
THAT TABLE OF FORMATIONS? 
You Want Reliable Information 


Was it PUBLISHED in the BULLETIN? 


Don’t Waste Time and Energy 


Get the Bulletin Index Now 


: : +: As Usefulasa Compass : : : 


Complete detailed cross reference key to 
Vols. 1-10 of the Bulletin. This is not a list 
of papers; it is a complete working index. 


Price, $2.00, Postpaid. 


American Association of 
Petroleum Geologists 


Box 1852 Tulsa, Oklahoma 


Rare 


A.A. P. G. 
Bulletins 
Wanted 


Headquarters will pay prices as listed, 
tf copies are not damaged. 


Vol. I (1917)—$5.00. 

Vol. IV, No. 1 (1920)—$3.00. 

Vol. XI, No. 1 (Jan., 1927)—$1.50. 

Also Geology of Salt Dome Oil Fields 
(1926)—$6.00. 


BOX 1852— TULSA, OKLAHOMA 


Erastleify Wey 


Leitz Petrological Microscope ““CM” 


LEITZ 
Petrological (Polarising) Microscopes 


are the Standard for 


OIL GEOLOGISTS 


in their petrological investigations 
The Oil Geologists have come to the realization that 


only the most precise equipment will render depend- 
able and unfailing 

cal Microscopes meet the most exacting re- 
quirements for routine and research work, 
due to Superior Workmanship and Perfect 
Alignment. 


oO oO 


ts. The Leitz Petrologi- 


Leading Institutions, Government Depart- 
ments and Industrial Laboratories throughout 
the world recognize these indisputable features 
and have adopted Leitz Petrographical Micro- 
scopes as Standard for their Investigations. 


Write for Catalog No. III-B (V) 


E. LEITZ, Inc. 
60 EAST 10th ST. NEW YORK 
AGENTS; 
Pacific Coast States; Spindler & Sauppé, Sion at San 
Francisco and Los Angeles, liforni 
Washington District; E. Leitz, Inc. eventmeent 
Bidg., Washington D. 
Chicago District; "EL Leitz, Inc., 122 So. Michigan 

Ave., Chicago, Tu. 


Be sure to mention the BULLETIN when writing to advertisers. 
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Cheaper Wildcats 


with Sullivans 
This Sullivan 
Diamond Drill 
brought in the 
cheapest wild- 

cat in Vene- 
zuela, at 4350 
feet. 


20% Less for Operation... 

23% Less for Equipment... 

39% Less Weight to be Trans- 
ported... 


A major oil company has just completed two wildcats 
in Venezuela with a Sullivan Diamond Drill. 

One hole went to 4,350 feet in five months and nine 
days. In the other, 4,005 feet of six-and-five-eighths- 
inch casing was set and cemented one month and 
twenty-six days after spudding in. 

Continuous core was recovered wherever desired. 

The engineer in charge worked up complete figures on 
the diamond drill, and on a rotary outfit, for casing a 
hole to 6,o00 feet and drilling it to 7000 (diamond 
drills have taken core from below 6700 feet). 

His figures show that the Sullivan Equipment weighs 
only 61% and costs only 77% as much as the rotary 
outfit. 

He says also that his experience shows the cost of 
operation to run 20% less than for other rigs---due 
to savings in labor, fuel, water, rigging up, bits, and 
other items. 

For cheaper wildcatting, for deep tests, or for struc- 
ture exploration use Sullivan Diamond Drills. They 
will drill any formation as encountered, go to any 
depth, and furnish perfect core wherever desired. 


A card or letter will bring complete information. 


MACHINERY COMPANY 

412 N. Michigan Avenue 

CHICAGO 
GEO. E. FAILING, Agent 
Garber, Oklahoma 
New York St.Louis Garber Dallas Denver 
San Francisco kane London 


H. C. SMITH 
“TYPE C” 


Coring Outfit 


Renowned in every field 
for its ability to take long, 
informative cores in any 
formation that’‘a fishtail or 
disc bit will penetrate. 
Made of drop-forged spec- 
ial alloy steel with re- 
newable cutterheads which 
can be economically re- 
placed when dulled. All 
four blades cut to same 
gauge, thus keeping the 
hole out to gauge. Send 
for Catalog. 


H.C. Smith Mfg. Co., Inc. 
Los Nietos, California 
Branch Offices and Warehouses 
Bakersfield, Calif. Ventura, Calif. 
Cable address ‘‘Smithco,’’ Whittier 
Oil Well Supply Co., Exclusive Sales 
Distributors, Outside of California, for 


. C. Smith Coring Equipment and 
Demountable Drilling Bits. 


The Annotated 


Bibliography of Economic 
Geology 
for 1928 
which has just appeared 


covers articles on all metallic and non- 
metallic deposits (including petroleum and 
gas), hydrology, engineering geology, 
soils (in so far as related to geology), and 
on all subjects that have any bearing on 
economic geology. 


It is a single volume of about 380 
pages, containing about 1,750 entries and 
an index. In succeeding years, however, 
two volumes of about 200 pages each will 
be published at intervals of about six 
months. Price, $5.00 for each year. 


Kindly send orders to the undersigned 
at your early convenience. 


ECONOMIC GEOLOGY, 
Urbana, Illinois, U.S. A. 


Be sure to mention the BULLETIN when writing to advertisers. 
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Standardized 


OIL ACCOUNTING AND 
FIELD FORMS 


: A printed or ruled form, suitable for nearly every need of the Oil 
= Industry, carried in stock for immediate delivery. 


= WELL LOGS EXPENSE FORMS 
SCOUT REPORTS SAMPLE ENVELOPES 
‘= SUB-SURFACE DATA SHEETS 
= PRINTERS OF THE A. A. P. G. BULLETIN 
= The MIDWEST PRINTING Co. 
= Phone 3-3176 Standardized Oil panbiviast 
= P O. Box 1465 Accounting and Booklets 
= 317 S. Detroit Field Formsm Office Forms 
= Form No. 265 Tul Okt Stationery 


The Petroleum Geologist’s IDEAL 
for LOW POWER, LARGE AND WIDE FIELD 


i... SPENCER NEW MODELS 
Universal 


Multiple Nosepiece 


A new, original, patented objective changer which carries three 
pairs of low power objectives and revolves like an ordinary 
nosepiece. The objectives may be removed instant- 
ly and others substituted. 


The objectives on the nosepiece are dust proof and 
the worker can easily get to them to clean them. 


NEW—ORIGINAL—BETTER 
New Catalog M-35 features it 


SPENC CER LENS COMPANY 


SPENCER Manufacturers SPENCER 
| BUFFALO | Mi s, Microtomes, Delineascopes, tical | BUFFALO | 
Measuring Instruments, Dissecting etc. 
BUFFALO, N. Y. 
Branches: New York Boston Chicago San Francisco Washington 


Be sure to mention the BULLETIN when writing to advertisers. 
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A Subscriber Writes: 


“‘T wish to inform you that I find 
your journal full of most valuable 
information from start to finish and 
I am only sorry that I did not sub- 
scribe sooner.’’ 


You, too, will find much information of interest and value in 


The OIL WEEKLY 


If you read the “Office copy,” why not have a copy sent to your home 
where you can read it at your leisure? The cost is only $1.00 a year’ Use 
the attached order blank—NOW. 


— 


The OIL WEEKLY | 


P. O. BOX 1307 HOUSTON, TEXAS 


Enter my name for one year’s subscription to The OIL WEEKLY, for which you will find 
enclosed check for $1, as payment in full. 


(BE SURE TO STATE COMPANY AND POSITION, otherwise it will be necessary for 
us to hold up entering your subscription until we can get this information from you.) 


Be sure to mention the BULLETIN when writing to advertisers 
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Longyear 
Core 
Splitter 


Duplicate core samples for special examination and 
analysis are often necessary or desirable. Upon such an 
occasion, the Longyear Core Splitter will exactly serve your 
purpose. With this simple Longyear device, rock cores may 
be halved or quartered lengthwise so that a complete long- 
itudinal section of the cores may be retained for permanent 
filing and reference, with duplicate core samples also available. 


The Longyear Core Splitter is made in three sizes: for 
cores 15/16 in. to 2 in., from 1 3/8 in. to 3 1/2 in., and 
from 4 in. to 6 in., the latter operated by hydraulic pressure. 
We shall be glad to furnish information as to prices and 


weights upon request. 


Longyear Core Splitters and Diamond Drill 
Supplies are carried in stock at Ponca City, 
Oklahoma, and Marquette, Mich. 


E. J. Longdyear Company 


Minneapolis. Minnesota, U.S.A. 


Be sure to mention the BULLETIN when writing to advertisers. 


- 
: 
; 
| 
| 4 
| 
| 
j 


Bulletin of American Association Petroleum Geologists, November, 1929 


PETTY GEOPHYSICAL ENGINEERING COMPANY, INC. 
706 Travis Building San Antonio, Texas 
Experienced seismograph crews available for consulting work. Only latest equipment and 
methods used. 
Geophysical departments established for oil companies. Complete seismograph, radio and 
blasting equipment carried in stock, sold only in connection with establishing departments. 


THE KELLY MAP COMPANY 


Ow Frecp Maps Base Maps ror GEOLOGICAL COMPILATIONS AND REPORTS PrintiInc 


Our Service Covers---Oklahoma, Texas, Kansas, New Mexico, Arkansas, 
Louisiana, Colorado, Wyoming, and Montana 


319 South Boston Ave. TULSA, OKLAHOMA P. O. Box 1773 


OIL FIELD MAPS 
HEYDRICK MAPPING COMPANY. 


WICHITA FALLS, TEXAS 


FIELD STATIONERY COMPANY 
| Complete Office Outfitters 
612 South Main TULSA Phone 3-0161 


TRIANGLE BLUE PRINT & SUPPLY COMPANY 


COMMERCIAL BLUE PRINTING ENGINEERING, DRAFTING & 
PHOTOSTATING & OIL FIELD MAPS ARTIST SUPPLIES 
Mid-Continent Representative for Spencer, Bausch & Lomb, and Leitz Microscopes and Accessories 
12 West Fourth St. Phone 9088 Tulsa, Okla. 


NATIONAL PETROLEUM ENGINEERING COMPANY 
Engineers and Geologists 
TULSA, OKLAHOMA 


APPRAISALS SURVEYS 
REPORTS - COMMERCIAL and TAX ESTIMATES OF OIL RFSERVES 


Be sure to mention the BULLETIN when writing to advertisers. 
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REVUE DE GEOLOGIE 


Announcing 

ET DES SCIENCES CONNEXES THE GEOLOGY OF ‘8 

Monthly review of geology and connected VENEZUELA AND TRINIDAD 
sciences under the auspices of By 


Socrété GEOLOGIQUE DE BELGIQUE 
with the collaboration of 

The American Mineralogist, Société 
Géologique de France, Service Géol- 
ogique de Pologne, Comitato della 
Rassegna di Geologia, Several Official 
Geological Surveys, Australian Sci- 
ence Abstracts, Bureau d’Histoire 
Naturelle de Prague, and numerous 
Geologists of all parts of the World. 


Ralph Alexander Liddle 


A Systematic Treatise on 
the physiography, stratigraphy, general 
structure, and economic geology of the 
United States of Venezuela and the British 
Island of Trinidad. The first comprehensive 
work on the geology of Venezuela. . 


xlii+ about 546 pages, 6 by 9 inches, 169 
half-tones and 24 sections and maps. 


Formations from Archeozoic to Recent are named, 


Institut de Géologie, Université de Liége, made to producing oil fields. Therr location, general 
Belgique structure, — to and character of producing sands, 
tavity of oil, and amount of production are given. 
TREASURER of the “ Revue de Géologie” The book is designed to be of especial assistance to 
petroleum geologists and oil operators as well as to 
35, Rue des Armuriers, Liége, Belgique those interested in the more academic side of strati- i 
p : Vol raphy, structure, and paleontology. Contains a 
va ol. (2920) Croat) ibliography of all important geologic works on 
6) Venezuela and Trinidad. Bound in cloth; gold title. 
$5.50, Vol. VIII (1927) $5.50, Vol. IX (1928) $5.00, PRICE, POSTPAID, $7.50 
Vol. X (1929) $5.00 ——_ price). Moderate 


extra rate for cover if wanted. Order from J. P. MacGowan se Jig 
SAMPLE COPY SENT ON REQUEST Box 1,007 Fort Worth, Texas ao 


Verlag von Gebriider Borntraeger in Berlin W 35 (Deutschland) 


Allgemeine Petrographie der , Olschiefer‘ und ihrer Verwandten 


mit Ausblicken auf die Erdélentstehung (Petrographie und Sapropelite) von Dr. 
Robert Potonié. Mit 27 Abbildungen. (IV u. 1735S.) 1928 Gebunden, 14 Marks wee 


Einfihrung In die allgemeine Kohlenpetrographie von privatdozent 


Dr. Robert Potonié. Mit 80 Textabb. (X u. 285 S.) 1924 Gebunden, 14 Marks 


Die Entstehung der Steinkohle und der Kaustobiolithe iberhaupt i 
wie des Torfs, der Braunkole, des Petroleums usw. von Geh. Bergrat Professor a 
Dr. H. Potonié. Sechste durchgesehene Auflage von Professor Dr. W. Gothan. a 
Mit 75 Abbildungen. (VIII u. 233 S.) 1920 Gebunden, 15 M. 


Der Bewegungsmechanismus der Erde von Dr. R. Staub. Mit einer Erd- ea 
karte und 44 Textfiguren. (VIII u. 269 S.) Gebunden, 20.50 M. 2 


Sammlung naturwissenschaftlicher Praktika 
Band 14: Kohlenpetrographisches Praktikum von Dr. Erich Stach, Geologen 

an der Preussischen Geologischen Landesanstalt. Mit 64 Textfiguren. (IV 

u. 204 S.) 1928 Gebunden, 10.80 M. 


Ausfiirliche Verlagsverzeichnisse kostenfrei 
(Detailed list of publications will be sent free) 
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Geologic Library For Sale 


APPROXIMATFLY 3,000 PuBLICATIONS, including complete sets of U. S. G. S. Bulletins, Pro- 
fessional Papers, Annual Reports, Folios and Mineral Resources; Numerous State and Foreign 
Publications; Carpenter’s Introduction to Foraminifera, etc., etc. Address inquiries to Box 
1274, Columbus, Ohio. 


EXCHANGE BAN KS OF TULSA ‘na Pronts Ex. 


BANK The ceed $5,000,000 
Exchange “= Exchan 
and Resources 
cnuer National Bank Trust Com Excood 
COMPANY **The Oil Banks of America” $70,000,000 


Latest developments in geological and geophysical operations and 
in matters of interest to geologists generally are covered 
best and most comprehensively in 
Published Gh Subscription 
Weekly presets IL and Gas Jour URNAL $6.00 a Year 
TULSA, OKLAHOMA 


FAIRCHILD AERIAL SURVEYS, INC. 


(DIVISION FAIRCHILD AVIATION CORP., N. Y.) 


AERIAL PHOTOGRAPHIC SURVEYS 
FOR DETAIL GEOLOGICAL RECONNAISSANCE 
Southwestern Branch 
2102 N. Harwood St. DALLAS, TEXAS P. O. Box 1417 


JOURNAL OF PALEONTOLOGY 


A publication devoted to scientific papers on paleontology and sedimentary petrography 
with special reference to new researches in micro-paleontology and descriptions of fossils 
important for the correlation and identification of oil-field formations. 


Published four times a year by the Society of Economic Paleontologists and Mineralo- 
gists, affliated with the American Association of Petroleum Geologists. 


J. A. CusnMan, Editor 
76 Brook Road, Sharon, Mass. 


Volumes I and II now issued, Volume III in press. Volume I contains more than fifty 
plates of fossils, numerous text figures, and diagrams accompanying papers by Cushman, 
Galloway, Hanna (M. A. and G. D.), Gardner, Berry, Vaughan, Scott, Roundy, Alexander, 
Waters, Thomas, Cox, van der Vlerk, Harlton, Driver, Church, and Stadnichenko. 

Volume II contains 59 plates and numerous figures accompanying articles by Alexander, 
Howe, White, Hanna, Vaughan, Cushman, Galloway, Coryell, Nuttall, Knight, R. C. Moore, 
and others. 

The Journal of Paleontology is a helpful handbook to the student of paleontology and a 
necessary addition to every scientific library. 

Subscription price is $6.00 per year ($2.00 for single numbers). 


Address communications regarding subscriptions to F. B. Plummer, secretary-treasurer, 
Bureau of Economic Geology, Austin, Texas. 


Back numbers, as far as they are in stock, for sale by J. P. D. Hull, business manager 
A. A. P. G., Box 1852, Tulsa, Oklahoma. 
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Mining and Oil Men, 
Geologists, Physicists 


Are You Aware 


American Institute of Mining & Metallurgical 
Engineers, Inc. 
29 West 39th St., New York, N. Y. 


Please send me........ copies of the vol- 
ume, “‘Geophysical Prospecting, 1929,” for 
which I enclose $......... 


that the first collection of papers pre- 
sented by the A. I. M. E. Committee 
on Geophysical Prospecting is now 
available? 


The papers in this special volume 
were presented at the New York, 1928, 
and Boston, 1928, meetings. A few 
address the specialist; others afford 
mining men an insight into the eco- 
nomic value of particular methods. 
Two are general in application; nine 
treat of electrical, seven of magnetic, 
six of gravity, and three of seismic 
methods. 


A copy of this ag ae been mailed to all mem- 
bers of the A. I. M. E. who have requested the 
Geophysical Prospecting papers. Other members 
may have a copy on request without charge. 


27 Papers 
676 Pages 
6x9 Inches 
25 Authors 
Illustrated 
Price $5.00 


Authors contributing to this book are: 


Max Mason Warren Weaver 
Allen H. Rogers Hans Lundberg 
W. O. Hotchkiss Karl Sundberg 
W. J. Rooney Allan Nordstrom 
James Fisher J. J. Jakosky 

E. G. Leonardon L. B. Slichter 
Sherwin F. Kelly C. A. Heiland 
Irving B. Crosby Noel H. Stern 
G. Carrette W. H. Courtier 
J. G. Koenigsberger H. R. Aldrich 
Frank Rieber Donald C. Barton 
E. Lancaster-Jones H. Shaw 

P. W. George 
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STRUCTURE 


OF 


TYPICAL AMERICAN 
OIL FIELDS 


A SYMPOSIUM ON THE RELATION OF 
OIL ACCUMULATION TO 
STRUCTURE 


| VOLUME II 
1929 


j Condensed Table of Contents, showing fields, by states 
& 


ARKANSAS: Stephens. CALIFORNIA: Santa Maria, Ven- 

tura Avenue, Elk Hills, Long Beach. COLORADO: Florence, 

Northwestern. ILLINOIS: Centralia, Sandoval, Martinsville. 

KANSAS: Virgil, Madison, El Dorado. LOUISIANA: Caddo, 

i Homer, Bellevue. MONTANA: Kevin-Sunburst. NEW YORK: 

Cattaraugus, Allegany, and Steuben Counties. OKLAHOMA: 

Hewitt, Cromwell, Seminole, Delaware Extension, Depew, Cush- 

: ing. PENNSYLVANIA: Bradford, Scenery Hill. TEXAS: West 

7 Columbia, Stephens County, Yates, Big Lake, Petrolia, Smith- 

r Ellis. WEST VIRGINIA: Griffithsville, Tanner Creek, Granny 

Creek. WYOMING: Elk Basin, Salt Creek, Lance Creek, Rock 

Creek, Grass Creek, Lost Soldier. SUMMARY: Role of Struc- 
ture in Oil Accumulation. INDEX. 


45 authors, each familiar with his particular field. 750 pp., 235 
illus. Cloth. 9X6 inches. Price, postpaid, $6.00. To A.A.P.G. 
members, $4.00. To public libraries and educational institu- 
tions, $4.80. Recommended to the geology departments of colleges 
and universities. 


; READY IN DECEMBER 
e Help the Publication Fund by Sending Your Check Now 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
BOX 1852, TULSA, OKLAHOMA, U.S.A. 


LONDON: THOMAS MURBY & CO., 1, FLEET LANE, E.C. 4 
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STRUCTURE 


OF 


TYPICAL AMERICAN 
OIL FIELDS 


A SYMPOSIUM ON THE RELATION OF 
OIL ACCUMULATION TO 
STRUCTURE 


VOLUME I 
1929 


Condensed Table of Contents, showing fields, by states 


ARKANSAS: Irma. CALIFORNIA: McKittrick. INDI- 
ANA: Tri-County. KANSAS: Fairport, Coffeyville, Rainbow 
Bend, Nemaha Mountains. KENTUCKY: Eastern Coal Field. 
LOUISIANA: Urania. MICHIGAN: Saginaw. NEW MEXI- 
CO: Artesia. OHIO: Eastern. OKLAHOMA: Morrison, Mer- 
vine, Ponca, Blackwell, South Blackwell, Garber, Crinerville, Turkey 
Mountain, Burbank, Glenn. TENNESSEE: Tinsleys Bottom, 
Celina, Spurrier-Riverton, Sumner County, Spring Creek, Glenmary, 
Bone Camp. TEXAS: Luling, Westbrook, Wilbarger County, 
Mexia and Tehuacana Fault Zones, Laredo, Archer County. WEST 
VIRGINIA: Copley, Cabin Creek. INDEX. 


39 authors, each familiar with his particular field. 510 pp., 190 illus. 
Cloth. 9X6inches. Price, postpaid, $5.00. To A.A.P.G. members, 
$4.00. To public libraries and educational institutions, $4.00. 
Recommended to the geology departments of colleges and universities. 


FIRST PRINTING (March, 1929) Almost Exhausted 
Order Your Copy Now 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
BOX 1852, TULSA, OKLAHOMA, U.S.A. 


LONDON: THOMAS MURBY & CO., 1, FLEET LANE, E.C. 4 
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for Diamond Core Drilling 


Plain Facts 


HE sole value of the Diamond Core Drill to the 

oil industry is its ability to obtain accurate infor- 
mation of subsurface geology. Drills should be oper- 
ated at the lowest costs possible without impairing 
the accuracy of this information. Low costs involve 
minimizing time, wear and tear on equipment and 
shut-downs for repairs, and increasing the average 
speed of drilling. 


It is through the use of Black Diamonds as the 
cutting element that the development of the Dia- 
mond Core Drill has been possible. All factors of 
drilling expense considered—the value of Black 
Diamonds to the driller is in obtaining at minimum 
costs the most accurate information. 


The Patrick Organization is supplying a large part 
of the Black Diamonds used all over the world in 
drilling. It is familiar with all factors entering into 
drilling costs and will be glad to place its experience 
at the disposal of anyone interested in securing maxi- 
mum efficiency in their Diamond Drill operations. 


An interesting booklet, ‘‘Diamond Core 
Drilling in Oil Field Practice,’’ will be 
mailed upon request. No obligation. 


R:S. PATRICKS 
Duluth, Minnesota, U.S.A. 


Cable Address, Exploring’ Duluth 
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The Modern Engineer uses 
this method to cut the Time 
and Cost of Preliminary Sur- 
veys in HALF! =— 


You can double your efficiency—and double 
your earning power—by adding a new instrument 
to your equipment—the Paulin Altimeter. 


With this remarkable instrument you can, alone, 
do the work of two men using a level, and you 
can do it accurately in one-fifth the time! 


The Paulin System Altimeter is not to be con- 
fused with the ordinary aneroid as used in field 
engineering. It is the only instrument of its kind, 
setting a new standard of accuracy under condi- 
tions where heretofore aneroid leveling has been 
impractical. No computations of readings from 
inches of mercury to feet is required. Elevations 
are read off as easily as consulting a watch, because 


there is no lag or hysterisis as in ordinary aneroids. 


Send the coupon below for a copy of our free 
“Manual on Altimetry.” Learn about this new, 
indispensable instrument now being used by leading 
engineering organizations all over the world. See 
the altimeter at leading instrument stores. 


Paulin 


lo 2 ft. in- 

tervals. Dial rangeof 

Manufactured by The American Paulin System, Inc., Sub- 4,360 ft. Price $1 0. 
sidiary of the General Instrument Corporation. Manufac- peg tt: sn 


turing Laboratories at 1220 Maple Ave., Los Angeles, Cal- leather carrying case 
for field use fur- 
ifornia. Distributors and service everywhere. nished FREE. 


DEPT. PG11: Send me free copy of “Manual of Altimetry” 
and information and prices on Paulin instruments. 


Name _ 
Address 
Dealer’s Name 


PRODUCT OF GENERAL INSTRUMENT CORPORATION 


Be sure to mention the BULLETIN when writing to advertisers. 
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Part of every dollar 
you spend today for 
Hughes tools is devoted to 
a never-ceasing effort on 
the part of the Hughes 
Tool Company to develop 
toolsofeven moreeffective- 
ness to meet tomorrow’s 
requirements of the 
industry 


Hughes Tools Sold by Supply 
Stores Everywhere 


HUGHES TOOL COMPANY 


Main Office and Plant 
Service Plants H O U S = O N Export Office 


Los Angeles, Calif. Woolworth Bldg. 
Oklahoma City, Okla. TEXAS New York City 
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